1 T|tIe of the 1nvention A G ass-ceranic Substrate for a Magnetic 477Z7t?EE; +
:rnfornatlon St orage Medi um Background of the Invention This invention as
relates to a substrate for a magnetic information storage nedium used
for an information storage device and, nore particularly, to a substrate
for magnetic information storage nedi umysuch as a nmagnetic di sk made of a
gl ass-ceram ¢ having an i nproved surface characterisitic including a super
flatness suited for a contact recordi ng system and bei ng capabl e of
preventing sticking of a magnetic head to a nagnetic information storage
mediumin a CSS (contact start and stop) type nagnetic information storage
medi um  and 15 tRINAL ithd Mo fBid on storage nmedi um formed by subjecting
the mag- netic infornmation storage nedium substrate to a thin
filmform ng processlalereeisnion Sulcs eesteigf 6 endeliagnévicutilizing a per-
sonal conputer for nultiple nedia purpose and a digital video canmera with
resul ting handl i nd sffo mmavii irogn i Srteyen e vdi e | nf or mati on and this tendency
necessitates an in- formation storage mediumof a |arger recording
capacity. ForBadkse : ienhumber and track density of a nmagnetic

I nformati on storage nedlun1nust be increased and
This invention relates to a substrate for a magnetic

information étorage nedium used for an information.
storage device and, more particularly, to a substrate for
magnetic information storage medium such és a magnetic
disk made of a glass-ceramic having an improved surfage
characterisitic including a super fiatness suited for a
contact recording system and being capable of preventing
sticking of a magnetic head to a magnetic information
storage medium in a CSS (contact start and stop) type
magnetic information storage medium, and a magnetic in-
formation storage medium formed by subjecting the mag-
netic information storage medium substrate to a thin
film-forming process.

There is an increasing tendency for utilizing a per-
sonal computer for multiple media purpose énd a digital
video camera with resulting handling of moving image and
voice information and this tendency necessitates an in-
fo;mation storage medium of a larger recording capacity.
For this purpose, the bit number and track density of a
magnetic information sforage medium must be increased and
the size of a bit cell must be reduced for increasing a
longitudinal recording density. As for a magnetic head,

it must be operated in closer proximity to the surface of



™

the size of a bit cell nmust be reduced for increasing a |ongitudinal
recordi ng density. As for a magnetic head, it nust be operated in closer
proximty to the surface of 2 the magnetic information storage nmediumin
conformty with the reduction of the bit cell size. In a case where a
magnetic head is operated at an extrenejy low flying height or in a
sem -contact state against a magentic in- formation storage nedium there
occur sticking of a mag- netic head to the surface of a nagnetic
i nformati on stbeage gl Len amd caucohpanyisrig teezal eeddibnanich dasade rimd ty t hi n
magnetic filmat the tine of start and stop of the magnetic head. For
overconing suththrdheengduchépa P Ahei Bdteasildg siccessilny aF gra shevid aphent
of new techniques for start and stop of a magnetic head including t he ranp
| oadi ng syst etn Beedediitg keahhi 8hoa erdfifed | T haad eixd redtipl et bPY BAJUGHE
outside of the surface of a magnetic infornation stc_)ra%e medium at the tine
of start and Bebghdf of hd nggrfetl ic ¢RI GhaS thke | ARALA§Lz8ndagpditdif 1n-
according to which a process- in df_or preventin sticklng,of a_magnetic
head i s nade FRATB2HAPR| EGPEAESoMEIIN Ui .e,reaogmi BhiGhABE Ofe 3 MR-
netic head to the surface of a magnetic information
storage medium and accompanying head crash and damage to
a thin magnetic film at the time of start and stop of the
magnetic head.

For overcoming such problem, there is an increasing
necessity for development of new techniques for start and
stop of a magnetic head including the ramp loading systen
according to which a magnetic head is completely brought
outside of the surface of a magnetic information storage
medium at the time of start and stop of the magnetic head
and the landing zone system according to which a process-
ing for preventing sticking of a magnetic head is made in
a particular portion (i.e., a portion about the inner
periphery where no recording or writing of data is made)
of a magnetic information storage medium substrate and
the magnetic head starts and stops in this particular
portion. In the current CSS type information storage
device, the magnetic head repeats an operation according
to which the magnetic head is in contact with the mag-
netic disk before starting of operation of the device and
is lifted from the magnetic disk when the operation of

the device is started. If the surface of contact of the

magnetic heéd with the magnetic disk is a mirror surface,
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peri phery where no recording or witing of data is nmade) of a nagnetic
nformati on storage nmedi um substrate and the magnetic head starts and stops
in this particular portion. In the current CSS type information storage
devi ce, the nagnetic head repeats an operation according to which the
magnetic head is in contact with the nmag- netic disk before starting of
operation of the device and is |ifted fromthe magnetic di sk when the
operation of the device is started. If the surface of contact of the
magneti ¢ head vidii dghe fragneticgwk sikc ilsead ntor bheswafaneic disksbiekirsg of
t he magnetic head to the magentic disk occurs with the result that rotation
.of the nagnetvictiditdke irseswltt stirat exb sabbéinl gf dtket pagneteaseisk fisi abiton
and damage. to the di sk surface occurs.  Thus, the nmagnetic disk is

requi red to satarmted tswocbhlyi duiengiadeiandease realfirzigigi dowerd ndaekgehe -
magneti ¢ head necessitated by the in- crease in the recording capacity on
one hand and i etlen- di s bnsot fececloiced I6f- t hehwagndtiec e oirc t hes bt Rér .

For satisfying these two conflicting demands, devel opnent is under way for
the techni queLWFingte Fanpakbalyndg ¥y Stoah bicchoits ndenandswnp Enreepdziagnetic

head 1is conpl et el . . .
m%owerYng of the magnetic head necessitated by the in-

crease in the recording capacity on one hand and preven-
tion.of sticking of the magnetic head on the other. For
satisfying these two conflicting demands,'dévelopment is
unaer wvay for the techniques of the ramp loading systen
according to vwhich the magnetic head is completely
brought outside of the magnetic information storage
medium and the landing zone system according to which an
area for start and stop of the magnetic head is provided
in a particular zone of the magnetic informatoin storage
mediom. Furhter, not only the current fixed type.ihfor-
mation storage devices, but also a removable informatibn
storage device is being developed for use in, e.g.. a
digital video camera. From the standpoint of such nevw
technique, characteristics required for a substrate of a
magnetic information storage medium are as follows:

(1) In the ramp loading system for a magnetic information
storage device. the magnetic head is operated, as a
result of increase in the recording capacity, in a semi-
contact state or in a complefe contact étate with respect
to the surface of a magnetic information storage medium
and, for this reason, the magnetic informaton storage

medium substrate must have a super flat surface with a



hrought outside of the magnetic information storage nmedium and the | andi ng
Zone system according to which an area for start and stop of the nagnetic
head is provided in a particular zone of the magnetic infornmatoin storage
medi um Furhter, not only the current fixed type infor- mation storage
devi ces, but also a renovable informatign storage device is being devel oped
for use in, e.g., adigital video canera. From t he standpoint of such
new t echni que, characteristics required foi a substrate of a magnetic

i nfor mati on stwrfeyee nedighmese af Al | tonss (apd] rthtehes whaipr 4 baadinngtsypst em
for a magnetic information storage device, the magnetic head is operated,
as a result ofanalheast hainhed o b el nko capaki sypernfiagepnriesstact state
or in a conplete contact state with respect to the surface of a nmagnetic

i nformati on st%r gt Hli landihwg Z29»¢ ?Yl%)Ee'Fe‘é%n? m?ﬁé@ﬁﬁ@né?ifermia%ﬂﬁrnrraton

storage nedi um substrate. nust have a super flat surface with a, 4 syrface
roughness of SIY%%3§€ t $¢B16fr] t&ﬁdejtarfbds’srfﬁ)s%?gf’ecl’m& ‘b cAHAbI énoF’hBé’iLfI‘ng
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whi ch state which can sufficiently prevent sticking of the mag-
netic head. For this purpose, projections and depres-
siong must be formed on the surface of the magnetic in-
fofmation storage medium by means of a laser diode punped
solid-state laser or a CO2 laser.

(3) In the CSS characteristics in the landing zone type
magnetic information storage medium, sticking tends to
occur between the head and the magnetic information
storage medium due to increase in contact resistance
caused by a high speed rotation of the magnetic head in-
formation storage medium, if the magnetic informétion
storage medium has.a smooth surface with surface rough-
ness (Ra) below 50 & in a landing zone of the medium. On
the other hand, if the magnetic inforﬁation storage
mediﬁm has a rough surface with surface.roughness (Ra)
above 300 A& in the landing zone, there is a danger of oc-
currence of crash of the magnetic head. It is necessary,
therefore, to control the height of projections or
depressions on the surface in the landing zone to 50 K to
300 R and also to control an interval of such projections
or depressions in the landing zone to 10zm to 200 m
and the surface roughness (Ra) in the landing zone to 10

K to 50 K.



t he magnetic head starts and stops) nust have a surface state which can
sufficiently prevent sticking of the mag- netic head. For this purpose,

proj ections and depres- sions nust be formed on the surface of the magnetic
in- formation storage nmedium by neans of a |aser diode punped solid-state
laser or a Q02 laser. (3) In the CSS characteristics in the |anding zone
type nmagnetic information storage nmedi um sticking tends to occur between

t he head and the nagnetic information storage nmedi um due to increase in

contact resisyance cpesednky fudigb Feerifoiaki @ otheha sBgneth@shegs in-
formati on storage nmedium if the magnetic information storage nedi um has
a snooth surfaeerehkh 3urftace ordwgh-o mek.s0Ra) bebowbe@oX iowiag arudi - zone
of the medium On the other hand, if the magnetic information storage
medi um has a poughasuartf dae thiet mesuriddog deughrnes f( Rd)e atrmme 300 A fort he

| andi ng zone, there is a danger of oc- currence of crash of” the nagnetic
head. It is nee&dearytorigeciigddnn.t @ cbhtt ofonehenhdibghtsurdfager ojfectlions
or depressions on the surface in the |anding zone to 50 Ato 300 [err] and
al so to contrBRgaAtiat dnfarnet iggcs tersigsc iedid tors padrdedAting g1 fare

| andi ng zone to 1Q[err] mto ZQOHemr]n1anthhe,s%rface roughnpess (Ra) in

t he I andi ng s6p8ehaess ARg)spipl A "to 0 vhich enables "the head "to

maintain this amount of lifting.

(5) By reason of an increased longitudinal recording den-
sity, the magnetic information storage medium substrate
should not have crystal anisotropy, a foreign matter or
other defects and should have a dense, fine and
homogeneous texture.

(6) The material of the magnetic information storage
wediuvm showld have sufficient mechanical strength and
‘hardness for standing a high speed rotation, contact with
the head and use as a portable device such as a removable
information storage device.

(7) As the longitudinal recording density of a magnetic
information storage medium is increased, an extremely
fine and precise magnetic thinm film such as a perpen-
dicular magnetic recording thin film is required. For
satisfying such requirement, the material of the magnetic
information storage medium substrate must not contain
Na20, K20, B20s, F or OH group ingredient in principle
because these ingredients'cause dispersion of ion of such
ingredient during the thin filw forming process with
resulting deterioratiom in the characteristics of the

magnetic thin film.



5 (4) Since the anmobunt of lifting of the head tends to decrease to the

drder of 0. 025 [err] mor below owing to im provenent in the recording
density of the magnetic infor- mation storage nmedium a data zone on the
surface of the magnetic information storage medi um shoul d have a surface
roughness (Ra) of 1 Ato 5 [err] which gnables the head to naintain this
amount of lifting. (5 B.y reason of an increased |ongitudinal recording
den- sity, the nmagnetic information storage nedi um substrate shoul d not

have crystal @958%{Opxateqalor@rgqh@%g nft P4 Neh (Al PEL § o3NG §99Htgq> have

a dense, fine and honbpgeneous texture The materi al he magne

i nformation sjof g H‘egltu'ma%owhcémh%\éq sad #4181 BDEy nsgagﬂgealua%&aggtamdand
har dness for standing a high speed rotation, contact with the head and use

as a portabl e glevi gg #UER a§r fo i €PN akk eail 6T Or Mat i on st or age device. (7) As
the | ongi tudinal recording density of a magnetic information storage nmedi um

I's increased,(9an¥exhr ardpedt neoafdrpriagy sef mapyaeniagnteltiic fthimsfdhags a

per pen- -di cul ar nmagnetic recording thin filmis required. For satisfying

such requirentin¢ , nhpeetiteindloraf tiilbe reipretde nedium substrate should
have a low thermal expansion characteristic within the
range from - 10 x 10-7/°C to 20 x 10-7/°C for avoiding
deterioration in the thinm film characteristics due to
sputtering and heat treatment during the.film forming
process.

Aluminum alloy has been convehtioﬁally used as a
material of a magnetic information storage medium sub-
strate. 'The aluminum alloy shbstrate, however, tends to
produce a substrate surfce having projections or spot-
like projections and depressions during the polishing
process due to defects inherent in the material. As a
result, the aluminum alloy substrate is not sufficient-in
flatness. Further, since an aluminum alloy is a soft
material, deformation tends to take place so that it can--
not cope with the recent requirement for making the mag-
netic information storage medium such as a magnetic disk
thinner and the requirément for high density recording
because the magnetic information storage medium tends to
be deformed by contact with the head with resulting
damage to the recording contents.

As a material for'ovcrcoming this problem of the

aluminum alloy substrate, known in the art are glass sub-

state for magnetic information storage medium made of a



i nformation storage medi um substrate nust not contain Na[err])0, Klerr]O,
B[err]O[err] F or OH group ingredient in principle because these

i ngredi ents cause dispersion of ion of such ingredient during the thin
film formng process wth resulting deterioration in the characteristics
of the magnetic thin film 6 (8) The,mateial of the magnetic information
st orage nedi um nust have chem cal durability against rinsing and etching

wi th various chenicals (9) Wth respect to form ng of the magnetic thin

film the Mougldy d 4 of MRehdd HOr #PRsUPANR SHBSHr Al SpUl g aaver #s b oW

t hermal expansion characterisStic within the range from -

10-[err]/[errlgidL 20cx010- Na&ro) Gad #ra 8YAHQloNGs idpi@u@rgtua% iggidg thin
filmcharacteristics due to sputtering and heat treatnment during the film
form ng proceaq.,0Al umyaumial | mhdias dleans crventd oed) | o weedr ashaveatréi al

of a magnetic information storage nedium sub- strate. The- al um num al | oy
substrate, hawavewingt dridadvamragdsce a substrate surfce having
proj ections or spot- |ike projections and depressions during the polishing

(1) Polishing is made after chemical tempering and so the
tempered layer tends fo cause instability in thinning the
magnetic information storage medium.

(2) For improving the CSS characteristics, the substrate
must be subjected to texturinmg which produée projections
and depressions on the surface of the substrate. Since a
mechanical processing or a thermal ﬁrocessing such as by
laser beam cause a cracking or other defects due to dis-
tortion in the chemically tempered layer, texturing nmust
be conducted by a chemical etching or sputtering but thisl
prevents a largé scale production of the product at a
competitive cost.

(3) Since the Na20 or K20 ingredient is included as.an
essential ingredient in the glass, the magnetic thin film
characteristics of the glass is deteriorated with the
result that the substrate cannot cope vwith the require-
ment for increasing the surface recording density.

Aside from the aluminﬁm alloy substrate and chemi-
cally tempered glass substrate, known in the art are sone
substrates made of glass-ceramics. For example, Japanese
Patent Application Laid-open No. 6-329440 discloses a
glass-ceramic of a Si0Oz - Li20 - Mg0 - P20s systenm which
includes lithium disilicate (Li20 - 28i02) and a -quartz (

a -Si02) as predominant crystal phases. This glass-



- process due to defects inherent in the material. As a result, the al um num
all oy substrate is not sufficient in flatness. Further, since an al um num
alloy is. a soft material, deformation tends to take place so that it can-
not cope with the recent requirenent for making the mag- netic information
storage nedi um such as a magnetic disk ¢ hinner and the requirenent for high
density recordi ng because the magnetic information storage nediumtends to
be deformed by contact with the head with resulting damage to the recording

contents. As @efRieEi ak har ex¢RNARMHtNGhd tH 5i ¥ Obh ePn9t, t b @lowHirdumialg oy
substrate, known in the art are glass sub- state for magnetic information

storage nedi uph&egeaoh aize dfchamibadldry deiiey edlf glaasgusveh, asha sRG-UM
lime glass (Sierr] - CaO - Na[err]0) and alum no-silicate glass (Si(err]
- Alf[err]O[ervéntitNafernpOhanThede tglxany ingbsdr at iesp i bolwever tulhang tlee
foll owi ng di sadvantages: (1) Polishing is made after chem cal tenpering and
so the tenperedmkayarntendss ¢ argausedi rssit abialcie yrom ghhie agisng Rhd nafjnet i c
i nformati on storage nedium (2) For inproving the CSS characteristics, the
substrate polished surface can be controlled within a range from 15
X to 50 R%. This glass~ceramic cannot cope.with the above
described target surface roughness (Ra) of 1 K to § K and
also cannot sufficiently cope with the above described
tendency to lowering the flying height of a magnetic head
necessitated by rapid increase in the recording capacity.
Besides, in this glass-ceramic, no Hiscussion about the
landing zone to be described later in this specification
is made at all.
Japanese Patent Application Laid-open No. T7-1690483
discloses a photo-sensitive glass-ceramic of a Si02 -
Li20 system including Au and Ag as photo-sensitive metals
characterized in that a data zone and a landing zone ﬁre
formed on the surface of a magnetic disk substrate. A
predominant crystal phase of this glass-ceramic 1is
lithium silicate (Li20 - Si02) and/or lithium disilicate
(Li20 28Si02). In case lithium silicate is used, the
glass-ceramic has a poor chemical durability so that it
has a serious practical problem. Further, in forming of
the landing zone, a part of the substrate (i.e., landing
zone) is crystallized and is subjected to chemical etch-
ing by using 6% solution of HF. However, forming of the

substrate with an uncrystallized part and a crystallized

part makes the substrate instable mechanically as well as



must be subjected to texturing which produce projections and depressions on
tthe surface of the substrate. Since a nechanical processing or a thernal
processi ng such as by | aser beam cause a cracking or other defects due to
dis- tortion in the chemcally tenpered |ayer, texturing nust be conducted
by a chem cal etching or sputtering but _this prevents a |arge scale
production of the product at a conpetit?ve cost. (3) Since the Na[err]O or
K20 ingredient is included as an essential ingredient in the glass, the

magneti ¢ thinchiehPegharyact efsstogs cfed it 0! @66h i fgdeyemirorafiact d,h §loe
result that the substrate cannot cope with the require- nent for increasing

the surface reeorddifty cdansity/. cdwt del f eonckhe rakionnem ajleoyi Bubsl i @i enand
chem - cally tenpered gl ass substrate,- known in the art are sone substrates

made of gl assbeeras €So f Fervapmanpt £onJapainesth Pat erefa sAppd | sat itdva tLat ki spen
No. 6-329440 discloses a glass-ceramic of a SiO[err] - Li[err]0O - MO -
Plerr]O[err] medthend whé chotnsided 14 t ho unedilgirigecatealti peodu@ 20 efr])
and [err] -quartz ( a -Si2) as predom nant crystal phases. Thi s gl ass-
8 ceramic is ®avoducdisl.ent material in that, by controlling

Several methods are known for forming a landing zone
and a data zone on the surface of a magnetic informatioﬁ_
storage medium. For example, Japanese Patent Applicaton
Laid-open No. 6-290452 discloses a method for forming a
landing zone on a carbon substrate by a pulsed laser
having a wavelength of 523 nm. In.this case, hovever,
there are the following problems: -

(1) A carbon substrate is formed by pressing at a high
pressure and burning at a high temperature of about 2600
C with resulting difficulty in a large scale production
at a lov cost.
(2) A carbon substrate is low im its mechanical
properties (Young's modulus and fracture strength) so
that it is difficult to cope with the thinning tehdenc§
and a high speed rotation of a drive.
(3) The forming of the landing zone utilizes oxidization
and evaporation of carbon by the pulsed laser. Since
carbon is a material which causes a very strong thermal
oxidation reaction, the formed landing zone becomes in-
stable and thus it poses a serious problem 1in
reproduceability.
Japanese Patent Application Laid-open No. 7-65359

and United States Patent No. 5062021 disclose a method



the grain size of globular grains of a -quartz, the con- ventional
mechani cal texturing or chem cal texturing be- conmes unnecessary and
surface roughness (Ra) of a polished surface can be controlled within a
range from 15 to 50 [err]. This glass-ceram c cannot cope with the above
descri bed target surface roughness (Rahoof 1 [err] to 5 [err] and also
cannot sufficiently cope with the abovée descri bed tendency to |l-owering the
flying height of a nagnetic head necessitated by rapid increase in the

recording capagltyto BRI ACS, 1 dih £ BES 29SSy ROLAM £1y0 80l SPHPS) OF yalpUL

t he | andi ng zone to be escrl inthis specitication 1s ma
al . Japanesey E’?&?H‘Hé@@k' Ca?h@nakﬂh@nqae@ﬂﬂ‘ay 725069948 BV WA Aibed

phot o-sensitive glass-ceramc of a SiQ2 - Li[err]0 systemincluding Au and

Ag as photo- sppghlie¥iQ .MEIRd $i 53] aGher isifdfa et Bat 1Al ZOPEtENA A er
| andi ng zone are formed on the surface of a magnetic di sk substrate. A

predom nant ciysht@iaphase odf ldvexr gbess- ¢endsi o shdvd haudegekitcaive to
(Li[err]O- SiO[err]) and/or lithiumdisilicate (Li[err]O 2SiO[err]). In
case lithiumexideaieni sfusea,ol tiehe pyl cisisoceamdri cehasnanpoorlf slpdmisdalo
durability so that it has a serious practical problem Further, in formng
of the |andi ngokbee, natpdrtorofthhiessnbeceate (1. &s, theaediong ﬂmﬁﬁlqmdt
crystallized and is subjected to chem cal etch- ing by using 6% solution of
HF. However,teoPwinghds mpéhod to a practical use.

.Japanese Patent Application Laid-open No. 63-46622
discloses a hard disk for magnetic infofmétion storage
using a pluality of low thermal expansion materials.
This reference presents only a diséussion about thermal
distortion. As usable materials, 96% silica glass and
quartz glass are shown but these materials are low in
mechanical strength and are not very practical. Further,
glass-ceramics which are presented as usable are
generally known ones having the Na:0 ingredient. No dis-
cussion is made in this reference about the problenm abéut
a magnetic thin film which is indispensable to cope with
the tendency to high recording density. Neither is there
discussion about the shrface roughness of the surface
of the substrate or the techniques about the ramp loading
and the landing zone. .

Japanese Patent Application Laid-open No. 6-92681
and Japanese Patent Application Laid-open No. 8-133783
disclose Si02z - AléOa - 8Si0z system low-expansion
transparent glass-ceramics. These references are not
avare of utility of such glass-ceramics as a magnetic in-

formation storage medium substrate and no discussion is



substrate with an uncrystallized part and a crystallized part nakes the
substrate instable nechanically as well as 9 chemcally. As for

chem cal etching by HF solution, it is difficult to control concentration
of the HF solution because of evaporation and ot her reasons so that this
method is not suitable for a | arge scahg production of products. Several

nmet hods are known for formng a | anding zone and a data zone on the surface
of a magnetic information storage nedi um For exanple, Japanese Patent

Appl i caton Landdep@molya. th@- 399432 fdiasclsaseace et hake farb§oFateg a | andi ng
zone on a carbon substrate by a pul sed | aser having a wavel ength of 523 nm

In this case, howevar.isharhe a& eotrike &al loowj agtprobl amse (h)vem thvhonto
substrate is forned by pressing at a high pressure and burning at a high
t enperat ure ok ldmduia 2600hEedik@dwiamt agssl pifng heti ffn cat t gritn tz dharigeuscal e
production at a low cost. (2) A carbon substrate is lowin its nmechani cal
properti es (Yeodg'rraiude us BAEDertdn urkferraddon) s taae pedigmdisiboul t
to cope with the thinning tendency .
strate which is suitable for the two techniques coping
"with the tendency to high recording density and has a su-
per flat surface characteriétic on the entire surface of
the substrate which is particularly for the ramp loading
system and also has two surface characfefistics vhich
enable a stable lifting of a magnetic head in a landing
zone where the magnetic head starts and stops (contact
start and stop) and enable a low flying height of the
magnetic head in a data zone in conformity to the ten-
dency to high recording density.
It is another object of the invention to provide a
magnetic information storage medium formed by subjecting
the magnetic information storage medipm substrate t6 a
thin film forming process.
Summary of the Invention
Accumulated studies and experiments made by the in-
ventor of the present invention for achieving the above
described objects of the invention have resulted in the
finding, which has led to the present application, that
glass-ceramics obtained by subjecting to heat treatment,
within a specific temperature range, a base glass of a
Si0z2 - Al20s3 - Li20 system or a basé glass of the sawme

systen and additionally containing at least one of V20s,

Co0, NiO, Cr:0s and Cu0 as a coloring agent has a crystal
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and a high speed rotation of a drive. (3) The formng of the |anding zone
utilizes oxidization and evaporation of carbon by the pul sed | aser. Since
carbon is a material which causes a very strong thermal oxidation reaction,
the fornmed | andi ng zone becones in- stable and thus it poses a serious
problemin reproduceability. Japanese pPatent Application Laid-open No.
7-65359 and United States Patent No. 5062021 di scl ose a net hod 10 for
formng a | anding zone on an alum num alloy by a pul sed | aser. The al um num
al l oy has thepahkave deascrg betupralkl egs.1 iRbsisdelsy tiloe sqrg ac®iof; thelid
substrate after irradiation of |aser beamtends to have a defect due to
oxi dation of aolwitien)pernrtiscom st renas hahgodf Sphkasirtaf swdlitders adat i omon
t he surface. It is therefore difficult to put this method to a practical
use. Japanese(Pat8m0Asplliidatscom Lidn) opeh No-s88446628 @ioddldoses] wt hew d
di sk for magnetic information storage using a E[uality of |'ow thermal
expansi on nat €M ald20Thid 2Pefefdfce sprldtent el phignd Fiddyddingn siphular
thermal distortion. As usable naterials, 96%silica glass %nd
crystal grains, has an excellent super flat surface
roughness after polishing which is very advantageous for
the ramp loading system and has an excellent proces-
sability by a laser (i.e., laser diode pumped solid-state
laser or a CO02 laser) which is very advahtageous for the
landing zone systemn.

For achieving the object of the invention, there is
provided a glass-ceramic substrate for a magnetic infor-
mation storage medium which has surface roughness (Ra) of

\‘ e
a polished surface within a range form 1 £ to 5 A in con-
fbrmify with the ramp loading system according to which
start and stop of a magnetic head are made in an area
which is completely outside of the surface of the mag-
netic information storage medium.

In one aspect of the invention, the glass-ceramic
substrate having a landing zone and a data zone in con-
formity with the landing 2zone system has projections or
depressions formed by irradiation of laser beam in the
landing zone.

In the case of the landing zone system, a laser
diode pumped solid-state laser or a C0: laser is par-
ticularly preferable.

As the laser diode pumped solid-state laser, a

Nd:YAG, Nd:YVO0s or Nd:YLF laser may be used.



quartz gl ass are shown but these materials are |ow in nechanical strength
and are not very practical. Further, glass-ceramcs which are presented as
usabl e are generally known ones having the Na[err]0 ingredient. No dis-
cussion is made in this reference about the problem about a magnetic thin
filmwhich is indispensable to cope w 43 the tendency to high recording
density. Neither is there discussion about the surface roughness of t he
surface of the substrate or the techniques about the ranp | oading and the

| andi ng zone. Japangse  Bahent dcadf OPpéai yveReRN oD a6-vd3RFe At of
Japanese Patent Application Laid-open No. 8-133783 disclose SiO[err] -

Allerr]O[err] said Qleyéd &YsHempluavplexdassi @d -sranspar £9é r gl ass-iagriam £5.
These references are not aware of utility of such glass-ceramcs as a
magneti c i n- frangetiodn RtdLage- neds wrmswvlrstwisthe mnal nangesodsdi.db i -
made about the super flat surface of the substrate. It is therefore an
object of theddinwention to elimnate the di sadvantages of the prior art
techni que and provide a magnetic information storage nedi um sub- strate
which is suitable flor anwethew %enhﬂtq@ésRﬁﬁnngvmnthonhemﬂﬂkkﬂkytIQHﬁTgh

recordlng density and has a su-
mission by the laser diode pumped solid-state laser of

the wavelength within the range of 0.2um - 0.6 um or
within the range of 1.05ugm - 1.40pum at a thickness of
0.635 wn is 0% to 10%. ' |

In another aspect of the invention, surface rough-
ness (Ra) of a polished surface 6f the data zone is
within a range from 1 K to 5 K. a multiplicity of projec-
tions or depressions are formed by irradiation of laser
beam in the landing zone, height of the projections or
depressions formed is whtin a range from 50 £ to 300 K.
surface roughness (Ra) of the landing zone is within a
range from 10 K to 50 £. |

In another aspect of the invention, interval of
projections or depressions having the.height of 50 & to
500 % in‘the landing zone formed by irradiation of laser
beém is within a range from 10 un to 200 ¢ m.

In another aspect of the invention, the glass-
ceramic of the magnetic information storage medium sub-
strate comprises a Si0Oz - Al20s - Li20 system glass-
ceramic and has eithér' B -quartz solid solution (B8 -Si0:
solid solution) or a mixture of B -quartz solid solution
(B -Si02 solid solution) and B -spodumene solid solution

(B-Lia0+ Al203 - 4Si02 solid solution) as its main crys-



per flat surface characteristic on the entire surface of the substrate
which is particularly for the ranp | oadi ng system and al so has two surface
characteristics which enable a stable Iifting of a magnetic head in a

| andi ng zone where the magnetic head starts and stops (contact start and
stop) and enable a low flying height ofsthe magnetic head in a data zone in
conformty to the ten- dency to high recording density. It is another

obj ect of the invention to provide a magnetic information storage nmedi um
formed by subh%ﬁtkmgs%he magnetic information storage nedi um substrate to a
thin filmfornmng process. Summary of the Invention Accunul ated studi es and

experinents made by { hgpbthe€nh@pedftt BE PriesentnvdwenbinQn {pe achd e¥ing
t he above descri bed objects of the invention have resulted in the finding,

whi ch has | ed¢le@ algli@ PG ESERE @RRneadld oimfoihat i ghassocagammesd ohi asagd by.
subjecting to heat treatnment, within a specific tenperature range, a base

gl ass of a Si @[taraie - cAhfparirdd ear]8i-04i Ferkr]] {0 syst dnm 00 aybasa of hsssof
t he sane system and additionally containing at | east one of V205, CoO, N O.
Crlerr]O[err] carchuGu0 asd ahew®liogi rg tdgent Shaguar tzyspdlid solution (8 -
§i02 solid solution) or a mixture of B -quartz solid
solution (B8 -Si02 solid solution) and B -spodumene solid
solution (B8 -Li20- Al20s+ 45Si0: solid solution) as its
main crystal phase and the crystal grain 6f the B -quartz
solid solution aﬁd B -spodumene solid solution has a
diameter within a range from ZOO'K to 5000 A.
In another aspect of the invention, the glass-
ceramic of the magnetic information stofage medium sub-
o]
strate has_surface roughness (Ra) within a range from 1 A
Q
to 5 A.
In another aspect of the invention, the glass-

ceramic is obtained by heat freating a base glass con-

sisting in weight percent of:

Si02 + P20s , 56 - 65%

in which Si0: : 50 - 60%
P20s - 6 - 10%

Al20s 22 - 26%

Li20 + g0 + ZnoO 4.0 -6.5%

in which Li20 3 - 9%
Mg0 0.6 - 2%

Zn0 . : 0.5 - 2%

Ca0 + BaO0 _ 0.5 - 5%

in which Ca0 0 - 4%



12 phase of fi -quartz solid solution ([err]- -SiO[err] solid solution) or
a mxed crystal of [err]-quartz solid solution ( [err]- -SidJerr] solid
solution) and [err] -spodunene solid solution ( [err] -Li[err]O - _
Al[err]O[err] . SiO[err] solid solution) with fine globular crystal grains,
has an excellent super flat surface royghness after polishing which is very
advant ageous for the ranp | oading system and has an excel |l ent proces-
sability by a laser (i.e., l|aser diode punped solid-state |aser or a C02

| aser) which is very a®sint ageous for the | anding zone system). FoF 3%
achieving the object of the invention, there is provided a gl ass-ceramnic
substrate for a mag@riétsd ¢ i nfor- mation storage nmedi um whi ch ha$ surfidice
roughness (Ra) of a polished surface within a range form1l Ato 5 Ain con-
formity with the rd®2 oadi ng system according to which start &nd st#¥p of a
magneti c head are made in an area which is conpletely outside of the
surface of the mag-Asrdtsi c i nformation storage nmedium In one a8pect 28f the
i nvention, the glass-ceram c substrate having a | anding zone and a data
zone in con- forwi@&%ﬂ%rlthe | andi ng zone system has projectiBné of%
depressions fornmed by irradiation of.laser beam.in the | andjng zone t he
case of the Iz!lji'(ﬁrr?g“gotrrbe S‘VS{%}H r%{fgsgf Pz%s to stlhbez 18 izegween OIIB

and 0.17, said glass-ceramic containing either B -quartz
solid solution (B -8Si0z solid solution) or a mixture of
B -quartz solid solution (B -Si02 solid éolﬁtion) and B8 -
spodumene solid solution (B -Li20- Al205 . 45i02 solid
solution) as its wmain crystal phase;

In another aspect of the invention, the glass-
ceramic is obtained by heat treating a base glass con-

sisting in weight percent of:

S§i02 + P20s 56 - 65%

in wvhich Si0: 50 - 60%
P20s | 6 - 10%

Al20s | 22 - 26%

Li20 + Mg0 + Zn0 : . 4.0 -6.5%

in which Li20 3 - 5%
Mg : 0.6 - 2%

Zn0 0.5 - 2%

Ca0 + BaO 0.5 - 5%

in which Ca0 0 - 4%
BaOl | 0.5 - 3%

TiO0: . 1 - 4%

Z1r02 _ 1 - 4%

As203 0 - 2%



di ode punped solid-state |laser or a CO2 laser is par- ticularly preferable.
As the | aser diode punped solid-state |1aser, a Nd: YAG Nd: YVO[err] or

Nd: YLF | aser nay be used. 13 In another aspect of the invention, a

wavel ength of said | aser diode punpled solid-state laser is within a range
of 0.2g m- 0.6g mor within a range 0361.05[err]n1-'1.40 m | n anot her
aspect of the invention, percent trans- mssion by the |aser di ode punped -
solid-state | aser of the wavelength within the range of 0.2g m- 0.6g m or
within the range ofpl9,05 g m- 1. 40 g mat a thickness of 0.6$35 nggis 0%
to 10% In another aspect of the invention, surface rough- ness (Ra) of a
polished surface ¢f,othe daa+zan® + Towohin gugange froml Ato 547 a
multiplicity of projec- tions or depressions are formed by irradiation of

| aser beamin the lgpdi ng zone, height of the projections or depsresssons
formed is whtin a range from50 Ato 300 A, surface roughness (Ra) of the

| andi ng zone is w Cbbn a range from 10 A to 50 0 - 3%
NiO 0 - 3%
Cr20s 0 - 3%
Cu0 0 - 3%

whefein the weight ratio of P20s to Si02 is between 0.10
and 0.17, said glass-ceramic containing éifher B -quartz
solid solution (B8 -Si02 solid solution) or a mixture of
B -quartz solid solution (B8 -Si0: soiid salution) and B8 -
spodumene solid solution (B8 -Liz0 -+ Al20s3 - 4Si02 solid
solution) as its main crystal phase.

In another aspect of the invention, said glass-
ceramic is obained by melting, forming and annealing
glass-materials and subjecting the formed base glass to
heat treatment for producing a crystal nucleus undef a
temperature within a range from 650°C to 750°C .and for
crystallization under a temperature within a range fronm
750°C to 950%3_énd has a coeffiicent of thermal expansion
vithin a range between - 10 x 10-7/°C and + 20 x 10-7/%C
at a temperature vwithin a range from - 60°C to + 600°C.

In still another aspect of the invention, there 1is
provided a magnetic informatioan stofage nedium having a
thin film of a magnetic media formed on the glass-ceramic

substrate having the above described features.



I n anot her aspect of the invention, interval of projections or
depressions having the height of 50 X to 500 [err] in the |anding zone
formed by irradiation of |laser beamis within a range from 10g mto
200[err] m In another aspect of the invention, the glass- ceramc of the
magnetic information storage nedi um suls strate conprises a SIQ2 - Al 203 -
Li 20 systemglass- ceramc and has either [err] -quartz solid solution
([err] -SiO[err] solid solution) or a mxture of [err]-quartz solid
solution ([err]--SiJerr] solid solution) and [err]-spodunene solid
solution ([err] -L|[err][err] [err] Al[err]O[err] 4SiO[err] solid

sol ution) as idedandied drey o bnvémt houmt her aspect of the
i'nvention. the glass- ceramc of the nagnetlc i nformation storage nedi um
sub- strate conpri ddie scorppedrtjion Mf ethpORdas]s ~cargeie] Gudhsshiznt ¢l afs- -
ceram c and having either [err] -quartz solid solution ([erf] - SiO2 solid
sol ution) or éhM>aﬂhQ9Qﬁ°ﬂ[kﬁrﬁxRQﬁRﬁQQ o] the sk of (f@FP?SISFQPePﬁ
solid solution) and [err] -spodunene solid solution ( [err] -Li[err
Allerr]O[err] 0xdid9Serys idolitP AR iDBSHs i The i Aver %?%Flbﬁés@B G“Fhe

cryst al rain of t he uartz soli d. solu on and[ err odumene sl i d
so%/utionghas é‘ nges (g 1\6 espectsive 1ngre :llents glL ] e n sg?ecteg

for the reasons stated belovw.

The Si02 ingredient is an important ingredient
wvhich produces B -quartz solid solution'(ﬁ -Si02 solid
solution) and B -spodumene solid solution (8 -Li20- A120s
- 4Si02 solid solution) as its maih crystal phase when
the base glass is subjected to heat treatment. If the
amount of this ingredient is belov 50%, the crystal
produced in the glass-ceramic is instable'and its texture
tends to become too rought with resulting decrease in the
mechanical strength and coarseness in the surface fough-
ness after polishing. If the amount of this ingrediént
exceeds 60%, difficulty arises in melting and forming the
base glass.

The P20s ingredient is effective, when it coexists
vith the Si0: ingredient, for improving melting ©property
and clarity of the base glass. If the amount of this in-
gredient is below 6%, this effect canndt be attained
whereas if the amount of this ingredient exceeds 10%,
devitrification occurs in the base glass and the téxture
of the glass-ceramic becomes rough. For attaining the
highest effect, the total amount of the Si0:2 ingredient

anod the P20s ingredient should be within a range of 56 -



dianeter within a range from 200 A to 5000 A In another aspect of the
iI'nvention, the glass- ceram c of the nmagnetic information storage nedi um
sub- strate has surface roughness (Ra) within a range from1l Ato 5 A In
anot her aspect of the invention, the glass- ceram c is obtained by heat
treating a base glass con- sisting in wg ght percent of: SiJerr] [err]

Plerr]O[err] 56 - 65%in which SiQ2

50 - 60% P[err]20[err] ' 6 - 10% A1203

22 - 26% Li [ e65]%0 andhthéewelightOratio of P20s to Si0z sho4l@® -Ge SBein

which Li[err]O 3 - 5% MO

0.6 - 2% Zn0O tween 0.10 and 0.17. 0.5 - 2% CaO + BaO

0.5 - 5% in which CaO 0 4% 15

BaO The Alz203 improves the melQimg -pOoBeTtp and chemical

1 - 4% ZrO[err] : ) i 1. 4%
duvrability of the glass-ceramic. If the amount of this

ingredient is below 22%, melting of the base glass be-
comeé difficult and sufficient chemical durability cannot
be attained. If the amount of this ingredient exceeds
26%, the melting property is 1iete1'iorzated and
devitrification occurs. |
The three ingredients of Li20, MgQ0 and Zn0 are im-
porftant ingredients whch constitute'the B -quartz solid
solution crystal. These ingredients, when they coexist
with the liwmited effects of the S§i02 and P20s in-
gredients, improve the low thermal expansion characteris-
tic of the glass-ceramic and improve the melting property
" and clarity of the base glass. If the amount of the Li20
ingredient is below 3%, these effeqts cannot be attaiﬁed
and, further, difficulty arises in precipitation of the
above described target crystal phase. If the amount of
this ingfedient exceeds 5%, the low thermal expansion
characteristic cannot be attained and devitrification of
the base glass is deteriorated. If the amount of the Mg0
ingredient is belov 0.6%, the above described effect can-
not be attained whereas i1f the amount of this ingredient
exceeds 2%, the lowv thermal expansion characteristic can-
‘not be attained. If the amount of the Zn0 ingredient is
below 0.5%, thé above described effect cannot be attained

whereas if the amount of this ingredient exceeds 2%, the



As203 . B 0 - 2% Sb[err]Of[err]
0 - 2%wherein the weight ratio of Plerr]O[err] to SiO[err] is between
0.10 and 0.17. said glass-ceramc containing either [err] -quartz solid
solution (,8 -Si® solid solution) or a mxture of [err] -quartz solid
solution ( [err] -SiJerr] solid solutihgn) and [err] - spodunene solid
solution ( [err]- -Li[err]O [err] Al[err]O[err] [err] 4SiO[err] solid
solution) as its main crystal phase. In another aspect of the invention,
the gl ass- cenay cthérabliaiengh byi fgat hlaread i 610i &t DASECa PhaEShE0A+L taliakidng
In weight percent of: SidJerr] [err] Plerr]O[err]

56 - 65%in wimh & ORtrification of the base glass is deteri®fated0%

P205 6 - 10% Al 203

22 - 26% Li [ erfd10 at i g rfh&Zntl ghest effect, the total amount 4f0thé. 5%
in which Li[err]0 ' 3 - 5%Mo

0.6 - 2% ZnO Li20, Mg0 and Zn0 ingredients should beQvbthipogCanangeBad
0.5 - 5% in which CaO _ 0 - 4%
BaO 4.0 - 6.5%. 05 3% Ti O2

1- 4%7Zro2 ] ) . 1- 4% As 203
0 - 2[err] The Ca0 and Bal0 ingredients remain as a glass matrix

left after precipitation of the crystal in the glass-
ceramic. These ingredients are important fo; fine ad-
justment between the crystal phase and the.glass matrix.
If the amount -of the Ca0 ingredient exceeds 4%, the tar-
get crystal phase cannot be produced and, besides,
devitrification occurs in the base glass. If the amount
of the Ba0 ingredient is below 0.5%, this effect cannot
be attained whereas if the amount of this ingredient
exceeds 3%, the melting property of the base glass 1is
deteriorated and devitrifcation occurs. For attaining
the highest effect, the total amount of the Ca0 and Bao
ingredients should be within a range of 0,5 - 5%..

The TiO2 and Zr0: ingredients are indispensable as
nucleating agents. If the amount of the respective in-
gredient is below 1%, the desired crystal phase cannot be
precipitated whereas if the amount of the respective in-
gredient exceeds 4%, the melting property of the base
glass is deteriorated with resulting occurrence of an un-

molten portion.



16 Sb[err]O[err] 0 - 2%

Vlerr]O[err] + CoO+ NNO + Cr[err]O[err] + CuO Il - 4% V205
0 - 3%CoO 0- 3%WNO
0 - 3%C 203 0 - 3%cCu0

0 - 3%wherein the weight ratio of P2gg to SiQ2 is between 0.10 and 0.17,
said glass-ceramc containing either [err]- -quartz solid solution ( [err]
-SiOferr] solid solution) or a mxture of [err] -quartz solid solution (
[err] -SiO[err] sofhd d46l=d ;N d ahblzPer rijngrspbelutendagoltial sdledi as g
[err] -Li[err]O [err] Al[err]O[err]- 4SiO[err] solid solution) as its nmain
crystal phaseTefd tainbg hag edshpet? PGl ting ithaentilass Sardoditeaskoiagr @i c

i s obained by nelting, form ng and annea]jn ass-materials and ..
Lol oot vy L HRORBERBEOBaCEraHACE 1o Homtrt] crPERSS; OB Bhehycinky o i1 al

nucl eus under a Een'ggratuggdvmthi n a range frome650[err]C to 750[err]C and
for crystalliﬁgtlgn nd&r fghperature within a range from 750[err]C to

SSOLerTLG a0 1o RqcRg! hEEgEhs kg BT, SHAPRRAY U1 B s et veen
tions or depressions in the landing zone is made by the
laser diode pumped solid-state laser, it is indispensable
to agd a coloring agent for absorption of the laser beamn.

In case the brojections or depressions are formed by the
COz2 laser, the addition of the coloring agent is unneces-
s#ry but the C02 laser peam may be irradiated on the Sys-
tem containing a coloring agent.

In the present invention, at least one ingredient of
V20s, Co0O, NiO, Cr203 and Cu0 is used as a coloring

agent.

I[f the amount of each ingredient excgeds 3%,
crystals grown tend to have a large diameter and
devitrification occurs in the base glass. If the total
amount of the respective ingredients is below 1%, the
percent transmission which is the object of the invention
cannot be attained so that difficulty arises in the
prbcessing by the laser. If the total amount of the
respective ingredients exceeds 4%, dévitrification is
deteriorated in the base glass and difficulty arises in a
large scale production.

It has been found that, for performing sufficient



at-a tenperature within a range from- 60[err]Cto + 600[err]C. In still -
anot her aspect of the invention, there is provided a magnetic information
storage nedium having a thin filmof a magnetic nmedia fornmed on the

gl ass-ceram c substrate having the above descri bed features. 17 Detail ed
Description of the Invention The corrpoailtion of the glass-ceram c substrate
of the invention is expressed on the basis of conposition of oxides as in
its base glass. The above described content ranges of the respective

i ngredi ents hhee tiagn widihmatediiorg the erasons velat éd ghellms.e rTheo B by
-ingredient is an inportant ingredient which produces [err] -quartz solid
solution ([ernsing CGileer]l aseln dd sefat iParDP ehdsPil idspddubhentaseslri @ ot i on
([err] -Li[err]O herr] Allerr]O[err] * 4Si)%err solid solution) as its

mai n crystal PRAsd emEdh e s et asange 8fpPedt4ed to hdat % bt Fbhbkin |
t he amount of this in red}ent %s bel ow 50% the crlystal roduced in the

gl ass- cer am ¢ th¢ iGfA&%h| F ahdl ﬁ%mtéerT 0 teftrds 2t & HEEFm § 00 H bubhEn i t h

resul ting decrease in the n%&han% al SH{en tp ﬂg% oar sene [N i@g.erface

rough- ness afit&fifd if&fi&fg2* 4 f%tltfémansosu%’[ o(? U1 bt e@felﬁ? ¥
using the percent transmission of this range, the laser
beam irradiation time can be held at the minimum and, as
a re§u1t, an excessive stress is not produced in the sur-
face portion of the substrate whereby-forming of projec-
tions or depressions can be achieved in a stable manner
while ensuring a large scale production of the substrate.

For manufacturing the glass-ceramic substrate for a
magnetic information storage medium, the base glass
having the above described composition is subjected to
heat forming and/or cold forming. is heat treated for
producing a crystal nucleus under a temperature within a
range from 6950°C to 750°C and is further heat treated for
crystallization under a femperature wifhin a range from
750°C to 950°C.

The main crysal phase of the glaés-ceramic thus ob-
tained by the heat treatment is either B -quartz solid
solution (B8 -Si02 solid solution) or a mixture of 8 -
quartz solid solution (B8 -5i02 solid solution) and B8 -
spodumene solid solutiom (B8 -Li20-. A120a3- 4Si02 solid
solution). These crystal grains have a globular grain
structure and the grain d;ameter of each of the systenm
containing a color agent and the system containing no

éoloring agent is within a range from 200 X to 5000 X.



exceeds 60% difficulty arises in nelting and form ng the base glass. The
Plerr]O[err] ingredient is effective, when it coexists wth the Sierr]
i ngredient, for inproving nelting property and clarity - -of the base gl ass.
If the amount of this in- gredient is below 6% this effect cannot be
attai ned whereas if the anount of thiszypngredi ent exceeds 10%
devitrification occurs in the base glass and the texture of the

gl ass-ceram ¢ becones rough. For attaining the highest effect, the total

amount of therpd Q489" et entcandst he Afili&it lof NOREERENT e§la<aldlsqolae

within a range of 56 - 18 65% and the weight ratio of P205 to SiO2
shoul d be be-witveian 9. ddngadb@tiéenThe AlROBC Nnphove ot he nettymy property
and chem cal durability of the glass-ceramc. I f the anount of this

i ngredi ent istemgeawa 2296 wethimga ofangpe Dase gl B bee ¢ofBH°Cifficult and

sufficient chem cal durability cannot be attained. If the dmunt of this

i ngredi ent exceeds D684 eleps-tclegamiet tohyaipreapdrt ythéesabdetediescatiddd and

devitrification occurs. The three ingredients of Li[err]0, MO and ZnO are

i m heat treatment is subjected to conventional lapping and
pblishing processes and thereupon a glass-ceramic sub-
strate for a magnetic information storage medium having a
surface roughness (Ra) w}thin a range from 1 K to 5 K is
provided.

In the case of the landing zone system, the glass-
ceramic is then subjected:to the pfocess of forming of
projections or depressions in the landing zone by a laser
diode pumped solid-state laser or a CO02 laser.

The laser wavelength of the laser diode pumped
solid-state laser in this case is limited to either 0.2 4
m -~ 0.6zm or 1.05um - 1.40 4 m. By irradiation of
laser beam of this wavelength, projections or depressi&ns
having height within a range from 50 X to 300 £ and a
surface roughness (Ra) within a range from 10 X to 50 K
are formed in the ladnihg zone at an interval withinm a
range from 10pum to 200 £ m. Thus, a glass-ceramic sub-
strate for a wmagnetic information storage medium as
shown in Fig. 1 which has a landing zone formed with
projections or depressioné haivng height within a range
from 50 & to 300 & and a data zone which has an excellent
smooth surface can be provided. In Fig. 1, a glass-

ceramic substrate 1 has a landing zone 3 provided oufside

of a central opening 5 and a data zone 2 provided outside



portant ingredients whch constitute the fi -quartz solid solution crystal.
These ingredients, when they coexist with the Ilimted effects of the
Sigerr] and Plerr]O[err] in- gredients, inprove the |ow thermnal
expansi on characteris- tic of the glass-ceramc and inprove the nelting
property and clarity of the base glassy3lf the amount of the Li[err]0
ingredient is below 3% these effects cannot be attained and, further,
difficulty arises in precipitation of the above descri bed target crystal

phase. 1 dfecproyghoof o Dos! 07 e £ exCEoHRaB 1ot lQUHSRl

expan5|on characteristic annot pe at'tai ne and eV|tr| icatio

gl ass 15 deteriof aleg. cdf ) HeAIppnt ot able s MANGTedhent dos gl g, 0%

t he above descri bed ef ect can- not e att ai ned wher eas | t he anount of

this ingredignt ﬂgeecis 9y N2 L RWoNRITH) r £XPBRS 0GR %}arﬁét?ékgkg scans

not be attai ned. I f the anount of the ZnO ingredient is
above descrifeanelf adf €pENQang mf tabned wheigas § fshbhesanpugtapt To*t' S
i ngredi ent exceeds 2% the 19 low thernmal expansion characteristic

cannot be atgmd ne¢lt povdls deyided figathoniahdihe hese.gl asg.i 3 dalars Qmat ed
For attaining the highest effect, the total anmount of the
terval of projections or depressions formed in the land-
ing zone. Fig. 5 shows height of projectioags or depres-
sions .formed in the landiﬁg zone.

Lasers generally used for surface éhange such as
cutting, welding and microprocessing of a material are
ciassified to an Ar laser, a CO0: laser, an eximer laser
and a laser diode pumped solid-state laser. [t has been
found that, in the laser processing for the glass-ceramic
of the ianvention, suitable lasers are limited to the
laser diode pumped solid-state laser and CO: laser be-
cause the Ar laser and excimer laser produce an un-

" suitable shape defect due to splashing of molten
material. |

For forming projections or depressions in the land-
ing zone by the laser diode pumped solid-state laser or
the CO0: laser, a polished glass-ceramic substrate 1is

rotated id a state clamped by a spindle and pulsed laser

beam is irradiated vertically on the surface of the land-



Li 20, MyO and ZnO i ngredients should be within a range of 4.0 - 6.5% The
CaO and BaO ingredients remain as a glass matrix left after precipitation
of the crystal in the glass- ceramic. These ingredients are inportant for
fine ad- justnent ‘between the crystal phase and the glass matrix. If the
anount of the CaO ingredi ent exceeds 4é4 the tar- get «crystal phase
cannot be produced and, Dbesides, trification occurs in the base

gl ass. If the anount of the BaO ingredlent is below 0.5% this effect

cannot be attappeg yher Qa§ |ré@y%éyyyygd(ﬁnggy¢%j ngredi ent exceeds 3%
the nelting property OF t he base glass is deteriorated and devitrifcation

occurs. For attainijRg i e, dighealy effechuiste 1otak, ampughoef i &G and
BaO i ngredi ents should be within a range of 0,5 - 5% . The Ti G2 and Zr 2

i ngredients akgthAdi aPeasaR & @a gleatd NYo a0RNES. useld§ itbherhe ay@dt o pf
the respective in- gredient is below 1% the desired crystal phase cannot

be precipitat elewhaseas diib dieh@ uapeudnts odfi d-tet atesperdé veand1-a g ealt ediam-
exceeds 4% the nelting property of the base glass is deteriorated with
resul ting occuerencietiofnan urngwl feanpdstian.to 50z m is used in the
case of the CO. laser. Laser irradiation conditions such
as laser output and pulse width are controlled in accord-
ance, with the composition of the glass-ceramic under
processing. |
Principal conditions which affect forming of projec-
tions or depressions on the substrafe surface by irradia-
tion of laser beam are (1) laser outpﬁt, (2) length of
laser pulse and (3) laser spot diameter, i.e., the area
of irradiation on the substrate surface. As for the

material of the substrate for which the laser diode

pumped solid-state laser is used, the absorption charac-

teristics at the laser wavelength used (0.2za - 0.6um
or 1.05um - 1.40px n), low percent transmission at the
laser wavelength used, is the most important factor. For

example, a substrate made of an ordinary glass in which
no crystal is grown does not selectively absorb the used
vavelength of a laser diode pumped solid-state laser and
therefore the surface of the substrate is not heated up
vith the result that no projections or depressions can be
formed.

The glass-ceramic substrate formed with projections
or depressions in the landing zone by the laser process-

ing is then subjected to a thin film forming process



20 The AS[err]O[err] and Sb[err]O[err] ingredients nmay be added as a
refining agent in nelting the glass for obtaining a honbgeneous product.
It will suffice if each ingredient up to 2%is added. In the present
invention, in case formng of projec- tions or depressions in the |anding
zone is made by the | aser diode punpedjgm id-state laser, it is '

i ndi spensable to add a col oring agent for absorption of the |aser beam In
case the projections or depressions are forned by the CO2 | aser, the
addition of tkéical drs ngnagenpers senrmecksthespelyy biis foen€d2 ilndzera bieagh may
be irradiated on the sys- temcontaining a coloring agent. In the present

i nvention, at rleeastdione degsédivemagfe tf er ipdogmdGion GO rrig® nediuvm.
Cr[err]O[err] and CuOis used as a coloring agent. |If the anount of each
i ngredi ent exdeeds s¥cidriyorld s gilbengland-cerpaie & ubsitge tdi ahet kea bpd
devitrification occurs in the base gl ass. If the total anmbunt of the
respective i ndlediagitst 28dpdhew oy ¢hatpdr cdit & romshieEi8ss WHIAIESS: t he
obj ect of the invention cannot be attained so that difficult g ip t he

. ari s
processi ng by Yif& &setntergedipte daXeraffunt T H 1 Pe Pe § L Af Taye

ngredients exgeedtal 518y Wil S F IV {5 I HLOTH Gl B0k N bo0RH! 255

i
is coated again with a luhficating material layer on the
surface of the ﬁrotective layer to provide a magnetic in-
formation storage medium.

Examples of the present invention will be described
belovw with reference to the accompan&ing drawvings.

Brief Description of the Dravings -

In the accompanying dravwings,

Fig. 1 is a top plan view of the state of a landing
zone and a data zone formed outside of a central opening
of a giass-ceramic substrate for a magnetic information
storage wmedium according to the invention;

‘Fig. 2 is a sectional view showing the shape of
projections and depressions formed in the landing zone;

Fig. 8 is a sectional view showing the shape of
projections formed in the landing zone;.

Fig. 4 is a sectional view showing the interval of
projections and depressions formed in the landing zone;

Fig. 5 is a sectional view showing the height of
projections and depressions formed in the landing zone;

Fig. 6 shows an SEM (scanning electron microscope)
image of the crystal structure of the glass-ceramic of

Example 2 of the present invention after HF etching:



| arge scal e production. It has been found that, for perform ng sufficient
21 heating w thout using an excessively high llaser power by using the | aser
di ode punped solid-state | aser of the wavelength within the range of 0.2
[err] m- 0. 6 [err] mor within the range of 1.05[err] m- 1.40[err] m a
proper percent trans- m ssion range at.zg t hi ckness of 0.635 nmis 0%to
10% By using the percent transm ssion®of this range, the |aser beam
irradiation tinme can be held at the mninmum and, as a result, an excessive
stress is not proddcad ih shevsumn fHe poageonfofthehec sybbal aseruwhéneby
formng of projec- tions or depressions can be achieved in a stable manner
whil e ensuringfa Cenpersddlve givamel ol off t hepgilost rar b, gR@s sTetifagiari ng
the gl ass-ceram c substrate for a nmagnetic information storage nedium the
base gl ass hawfrign HF #dovd ndsscri bed conposition is subjected to heat
formng and/or cold formng, is heat treated for producing a crystal

nucl eus under a tefgedat dr el §i t8f nSEYr ahgaeer otf 630 %r PTC it&r YE0REr r3 Tdand

s Turther heat eatad d ore oyopal L1 72000 98t 3 LSTRETGH VS 4 Bhla®
by a laser diode pumped solid-state laser (Nd-YAG laser
with laser wavelength of 1.064x m);

'Fig. 9 is an SEM image of the projections of Exanmple
1 after irradiation of laser beam by a CO: iaser;

Fig. 10 is an SEM image of a prior art alumino-
silicate chemically tempered glass-after irradiation of
laser beam by a laser diode pumped solid-state laser (Nd-
YAG laser with laser wavelength of (0.266 u m);

Fig. 11 is an AFM (atomic force microscope) image
and the surface roughness (Ra) of the data zoﬁe of Exmple
13 |

Fig. 12 is a schematic viev showing an information
storage device of the landing 2zone system in whch start
and stop of a magnetic head are made in the landing zone;
and |

Fig. 13 is a schewmatic view showing an information
storage device of the ramp loading system in whicH start
and stop of a magnetic head are made in an area outside
of the magnetic information storage medium.

Exapples
Tables 1 to 4 shovw examples (No. 1 to No. 9) of
compositions of a magnetic information storage medium

substrate of the landing zone system made according to



The main crysal phase of the glass-ceram c thus ob- tained by the heat
treatnent is either [err] -quartz solid solution ( [err] -Siderr] solid
solution) or a mxture of [err] - quartz solid solution ([err] -SiO[err]
solid solution) and [err] - spodunene solid solution ( [err] -Li[err]O-
Al[err]O[err]- 4SiO[err] solid solutlag) These crystal grains have a

gl obul ar grain structure and the grain“diameter of each of the system
containing a color agent and the system containing no coloring agent is

wi thin a rangehfer o o d 0ab@0RvwA. compirabivel agaupdeanmiod hiese aprior
coefficient of thermal expansion within a range between - 10-7C and 20
X 10-7/C at artteripiesr@t ur 8i0izt Isiyrs tae r aghesbromraGlfer €] &phaese6@d et C.
The gl ass-ceram c obtained by the above described heat treatnent is

subj ected to domidnkitdnal Ldappimen ahd. pdlichb g7 pb 6% es Lom pane tiner eBipon a
gl ass-ceram c sub- strate for a na%petlc i nformation storage nedi um having.
a surface roughndss 1( Rayd Jiaphinesg Paigd f rAamliqatiqntloabdfepen ¥e. Sho
provided. In the case of the |anding zone system the glass- ceramc is
then subj ect e83r& N8 pnﬁﬂ&ﬁ?%ﬁtF%ﬁrﬁ*@ﬁ%?ep?bjé8$F6ﬁ§roﬂkﬂﬁnE%%lBﬁ§ in

t he | andi ng zone
, 9 eraQGre o? nucleation, tewmperature of crystall1zat10n

coloer appearance of the glass-ceramic, predominant crys-
tal phase, diameter of crystal grains, shape of crystal
grains, average percent transmission of iaéer vavelength
0.2gm - 0.6 m and 1.05zm - 1.40pg o at a plate thick-
ness of 0.635wmu, type of the laser uéed in forming of the
landipg zone, wavelength usedt height of projections or
depressions formed by irradiation of laser beam, surface
roughness (Ra) of the landing zone, surface roughness
(Ra) the data zone after polishing, and a coefficient of

thermal expansion of the glass-ceramics.



di ode punped solid-state |aser or a C02 |aser. The | aser wavel ength of the
|I'aser di ode punped solid-state laser in this case is limted to either _
0.2[err] m- 0.6[err] mor 1.05[err] m - 1.40[err] m By irradiation of
| aser beam of this wavel ength, projections or depressions having hei ght
within a range from50 [err] to 300 [er] and a surface roughness (Ra)
within a range from 10 [err] to 50 [er?ﬁlare formed in the | adning zone at
an interval within a range fron110[err! mto 200[err] m Thus, a

gl ass-ceram ¢ sub- strate for a magn ipf ormati on storage nedium as
shown in Fig. 1 which has a | anding zone forned with projections or
depressions haivng height within a range from50 [err] to 300 [err] and a
data zone which has an excellent snooth surface, can be provided. In Fig.
1. a glass- ceramc substrate | has a | anding z%ﬁ%ﬂ%fﬁ§ovided outside of a
central opening 5 and a data zone 2 p;ovided outsid; 23 of thg | andi ng
zone 3. Reference character 4 designates a portion®“called "ring® forned

i nside of thed.gnding zone 3. Fig. hows a sha f projectigng or

depr essi ons fé?ﬁgﬂ in the | andi ng f%'éf Fig. 3§§h@ms a shapggbﬁ
projections ferged in the landing zape, Fig. 4 shogs,in- 7.0

Al20s 24.0 24.0 23.0
Li20 4.0 4.0 4.0
igo 1.0 1.0 0.7
Zno. 0.5 0.5 0.8
Ca0 1.0 1.0 1.0
Ba0 1.0 1.0 1.0
Ti0: 2.5 2.5 2.3
Zr02 2.0 2.0 1.8
As203 1.0 1.0

Sb203 1.0
V205 1.0 0.4
Co0 1.5
NiO ) _ 1.5
Crz0s | 1.0
Cu0

Nucleation

temperature (°C) 750 730 700
Crysfallization

temperature (°C) 300 900 850

Color appearance transparent black black



terval of projections or depressions fornmed in the land- ing zone. Fig. 5
shows hei ght of projections or depres- sions.fornmed in the | anding zone.
Lasers generally used for surface change such as cutting, welding and
m croprocessing of a material are classified to an Ar-laser, a QO[err]
| aser, an eximer laser and a |aser diogg punped solid-state |aser. It
has been found that, in the |aser processing for the glass-ceramc of the
invention, suitable lasers are |linted to the |aser diode punped
solid-state laser and C02 |aser bkabbewbeletmtppuedder and excimer |aser
produce an un- suitable shape defect due to_splashing of nolten
material . For forning projections or depressi onBXRBRR{R& [and- ing zone by
the | aser di ode punped solid-state |laser or the C02_| aser, a polished
gl ass-ceram c substrate is rotated ih a state clan%ed by a spinale and
pul sed | aser amis irradiafed ﬁertica{éy on tgp surface of fhe |and-

d i

24 ing zone at’qd YrEudtiEAss tet83 Y20 n irr &7 QFFRG% t he HUA8EE YPaser,
a spot dianeter vmtiu.n a range fgg 13[§5{] n1tos§9£§r£Llp1is uigg in.the

case of grain diameter s0 sol.
250 & 320 & 1500 £
| ' B -spodumene
' 1000 &
Shape of
crystal grain globular globular globular

Average percent transmission at 0.635 mm thickness

0.2pm to 0.6 m 30% 0% 0%
1.05pm to [.40 90% 0% 0%
Type of laser CO2 Nd:YAG Nd:YV0,
vavelength 10.5 um 1.064 pm 1.064 ¢
Height of

projections or

depressions | 150 A 200 A 120 X
Surface roughness

(Ra) of landing

zone 14 £ 16 & 13 R
Surface roughness

(Ra) of data zone 2 f 3 R 1 £

Coefficient of thermal expansion (x10-7°C)

(- 60°C - + 600°C) 2 10 : 15



the | aser diode punped solid-state |laser and a spot diam ter wthin a
range from15 g mto 50 [err]mis used in the case of the C02 | aser. Laser
irradiation conditions such as |aser output and pulse width are controlled
in accord- ance with the conposition of the glass-ceram c under
processing. Principal conditions whichsgffect formng of. projec- tions or
depressions on the substrate surface by irradia- tion of |aser beamare (1)
| aser output, (2) length of laser pulse and (3) |aser spot dianeter, i.e.,
the area of irradiation on the substraktableu?face. As for the material of
the substrate for which the | aser di ode punped solid-state | aser is used,
the absorption charac- teristics at the | aser wavel ength used (0.2[err] m-
0.6[err] mor 1.05g m- 1.40g m), |ow percent transn ssion at the |aser
wavel ength used, is the nost inportant factor. FeaiRle$pl e, a substrate
made of an ordinary glass in which n%:crystal is grown does” not gelectively
absorb the used wavel ength of a | aser® di ode punped sSolid-state |aser and
therefore the suyrface of the substr is not he d,up with t? esul t
that no projegﬁwﬁns or depressionssggﬁ)be forned?gih% gl ass-ce ghpc
substrate for@e%QMtrlprojections ory gepressions i .Qhe | andi nggzgne by the
| aser process- ing is then subjected to a thin filmTtorm ng process

Al20s 24.0 28.0 22.5
Liz0 4.0 3.8 4.2
Hgo 1.0 0.6 0.7
Zno 1.0 0.6 0.5
Ca0 1.5 1.0 0.5
Bao 1.0 0.8 0.7
Ti0s 2.5 2.3 2.0
Zr0; 2.0 1.8 1.5
As203s 1.0
Sb20s 1.0 0.8 |
V205 1.0 1.0
Co0 2.0

NiO 1.5 0.5
Cr20s 0.9 0.4
Cu0 0.3

Nucleation

temperature (°C) 740 730 .750
Crystallization

temperature (°C) 830 920 | 830

Color appearance transparent black bilack



25 which is known per se and thereby is fornmed into a high recording
density magnetic i-nformation storage nedium More specifically, the

gl ass-ceram ¢ substrate is heated in vacuum and then is coated, by a
sputtering process, with an internediate |ayer of cromum a magnetic

| ayer of cobalt alloy and a protective gjayer of carbon and then is coated
again with a lubricating material |ayer on the surface of the protective

| ayer to provide a magnetic in- fornmation storage nedium Exanples of the
present invention will be descri JadlzelZoWabntinwefdl ence to the

acconpanyi ng drawi ngs. Brief Description of the Drawings In the
acconpanying drawings, Fig. 1 is a top plan vi d#afpké®e state of a | andi ng
zone and a data zone forned outside of a central opening of a glass-ceramc
substrate for a magnetl c information%torage medi uM according tofthe

dopr ossi ons. 1 ST#Ed4in DG4 dnd rh SO LR g 3 Po RLE | onaf VIEH Bhow ng
t he shape of grolec%agg%tggrned |q %h%ol ndi ng ZONE: <01, solid sol.
300 4 500 X 600 £
B -spodumene B -spodumene
- 3000 kR 4000 £
Shape of
crystal grain globular globular globular

Average percent transmission at 0.635 mm thickness

0.2um to 0.6um 81% 0% 0%
1.054m to 1.40 g m 93% 0% 8%
Type of laser CO-2 Nd:YAG Nd:YVO.
vavelength 10.5um | 1.064um 0.532 4 m
Height of

projections or
depressions 200 K 300 X 500 ﬁ
Surface roughness

(Ra) of landing

zone | 18 & 25 & 40 &
Surface roughness

o]
(Ra) of data zone 5 A 4 £ 3§

Coefficient of thermal expansion (x10-7°C)

(- 60°C - + 600°C) 8 15 18



Fig. 4 is a sectional view showing the interval of projections and
.depressions forned in the | anding zone; Fig. 5 is a sectional view show ng
t he hei ght of projections and depressions fornmed in the | anding zone; Fig.
6 shows an SEM (scanning el ectron m croscope) inmage of the crystal
structure of the glass-ceram c of Exangple 2 of the present invention after
HF et chi ng; 26 Fig. 7 shows an SEMimage of the crystal structure of
Conparative Exanple 2 of a prior art glass-ceramic after HF etching; Fig.

8 is an SEMimage of the projectiohsklend depressions of Exanple 2 after
irradiation of |aser beam by a | aser di ode punped solid-state | aser (Nd-YAG
| aser with | aser wavel ength of 1.064[err] m; Fig. 9 is an SEM i nmage of the
projections of Exanple | after irradiation of !aser beam by a CQ2 | aser;
Fig. 10 is an SEMinmage of a prior art alum no f e chemcally

tenpered glass after irradiation of [aser beam by 3 | aser di ode gpunped
solid-state |aser (Nd- YAG | aser with laser wavel e gth of 0.266[err] m;

Flg. 11 7s an gtM (atom e force mgyogeope) 1moge. s 55. 0
P20s 7.5 1.5 7.0
Al203 24.0 23.5 23.0
Li20 4.0 4.0 4.0
Hgo 1.0 1.5 1.5
Zno0 0.5 0.5 0.5
Ca0 1.0
Ba0 1.0 1.0 1.0
TiO2 2.5 2.5 2.5
Zr02 2.0 2.0 2.0
As20s 1.0 1.0 1.0
Sb20s
V20s 1.0 2.0
Co0 . 0.5
NiO 0.5
Cr20s
Cu0
Nucleation |
temperature (°C) 730 | 750 740
Crystallization
temperature (°C) 900 825 860

Color appearance black ‘ transparent b}ack



and the surface roughness (Ra) of the data zone of Exnple 1; Fig. 12 is a
schematic view showi ng an i nformation storage device of the |anding zone
systemin whch start and stop of a magnetic head are nade in the | anding
zone; and Fig. 13 is a schematic view showing an information storage device
of the ranmp | oading systemin which stay4 and stop of a nmagnetic head are
made in an area outside of the magnetic information storage nedi um
Exanpl es Tables | to 4 show exanples (No. 1 to No. 9) of conpositions of
a magnetic information storage nefhbbe shibGtoaténnéddhe | andi ng zone system
made according to 27 the invention and two conparative exanples of the
prior art Li[err]0 - SiO[err] system gl ass-cer akkagp{gapanese Pat ent
Application Laid-open No. Sho 62-72547, Conparative Ex- anple 1 and
Japanese Patent Application Laid-open?No. Sho 63-218039, Conpar aflive
Example 2) together with the tem perature of nucleation, tenperature of
crystal lizati g’n‘”,”c"(ﬂ]od?hﬁaﬁ:ﬁbesar anbe t#afhe gl assfcefiBaféz predonmidMadtzcrys-

grain diameter = solid sol. solid sol. solid sol.
320 & 240 f 400 &
B -spodumene a -cristobalite
1000 £
Shape of
cryétal grain globular - globular globular

hveragg percent transmission at 0.8635 mm thickness

0.2m to 0.6 0% 81% 0%

1.05um to 1.40 ¢ m 0% 92% 0%
Type of lase; Nd:YAG CO: Nd:YVO.4
vavelength 0.266 1z n 10.5¢ o 1.064 4 u
Height of

projections or

depressions 200 K 150 K 250 ﬁ
Surface roughness
(Ra) of landing

o -] [
zone _ 17T A 15 A 22 A
Surface roughness
(Ra) of data zone 2 X 3 & 4 X

Coefficient of thermal expansion (x10-7°C)

(- 60°C - + 600°C) 10 5 10



tal phase, dianeter of crystal grains, shape of crystal grains, average
percent transm ssion of |aser wavel ength 0.2[err] m- 0.6[err] mand
1.05[err] m- 1.40 mat a plate thick- ness of 0.635mm type of the |aser
used-in formng of the |anding zone, wavel ength used, height of
projections or depressions forned by iggadi ation of |aser beam surface
roughness (Ra) of the |anding zone, surface roughness (Ra) the data zone
after polishing, and a coefficient of thermal expansion of the

gl ass-ceram cs. 28 Table 1 Exanpl egqable 4 2 ' 3 S
55.0 54.0 53.0 P[err]O[err] 8.0
8.0 - 7.0 A1203 24.0 24.0
23.0 Li 20 4.0 4.0 4.0 MO
1.0 : 1.0 0. Lomp@arative Examples 0.5
0. 5 0 8 CaO 1.0 1.0
1.0 BaO - 1.0 1 1.0 2 1.0 Tigerr]
2.5 2.5 2.3 -
Si02 71.0 82.0
P20s 1.9 2.5
Al20s 9.6 3.1
Liz0 12.0 8.5
Mg0 1.5
Zn0
Cal 0.4
Ba0
Ti02
Zr02
As205 0.3
Sb20s
Naz0 3.8 . Naz0 1.6
Sro0 0.4 K20 3.6
PbO 6.9

Nucleation

tenmperature (°C) 550 540
Crystallization

temperature (°C) 780 300

Color appearance vhite vhite



Zr Q2 2.0 2.0 1.8 As[err]Of[err]
1.0 1.0 Sb203 '
1.0 V205 1.0 0.4 CoO
1.5 NO 1.5 Cr 203
1.0 Cu0 Nucleation tenperature ([err]Cqs 750 730
700 Crystallization tenperature ([err]C 800 900
850 Col or appearance transparent bl ack bl ack 29 Tabl e
1 (continued) Exanples. 1 Table 2 (coptinued) 3 Crystal phase &
[err] -quartz [err] -quartz [err] -quartz grain dianeter solid
sol . solid sol. solid sol i [err] 1500
[err] [err] -spodunene 1000 [err] .
Crystal phase & Li2Siz20s LizSigOs
grain diameter
1.2 m 1.5z 0
a -cristobalite a -cristobalite
0.5unm 0.3unm
Shape of |
crystal grain Li2Si20s Li2Si20s
| acicular aéicular

a ~cristobalite a -cristo

globular globular

balite

Average percent transmission at 0.635% mwm thickness

0.2rxm to 0.6um 45% 48%
1.05pm to 1.40pu m 87% 86%

Type of laser

vavelength

Heighf of projections or depressions
Surface roughness

(Ra) of landing

zone-

Surface roughnéss

(Ra) of data zone 14 & 12 £

Coefficient of thermal expansion (x10-7°C)

(- 60°C - + 600°C) 110 115



Shapé of crystal grain gl obul ar gl obul ar gl obul ar
Aver age percent transmission at 0.635 mmthickness 0.2g mto 0.6 m

'80% 0% 0% 1.05g mto 1.40[err] m 90%

0% 0% Type of |aser C02 Nd: YAG

Nd: YVO4 wavel engt h 10.. 5 [errzgm 1. 064 [err] m 1. 064
[err] Height of projections or depreSS|ons 150 [err]

200 [err] 120 [err] Su.rface roughness (Ra) of |anding zone

14 [err] ForlGal®alcturing the Jg?aa{s%rfaer%{@cseuwyﬂm@s& (FRe of
data zone 2 [err] % 1 [err] Coefficient
of thernal exa%raSﬁeondégéQlE@)d (exmﬂigé%l maﬁeﬁﬁ)@harrﬂ&hudlag oxides,

10 30 Tabl e2 Exanples 4 6
Si 2 carbonates 22d0nitrates arddhiked and molﬁ&;oln a conven-

t1ona1 melting apparatus at a temperature within the
range from about 1450°C to about 1500°C. The molten
glass is stirred to homogenize it and thereafter formed
into a disk shépe and annealed to provide a formed glass.
Then, this forﬁed glass is subjected to heat treatment to
produce the crystal nucleus under a tembefature wvithin
the range from 700°C to 750°C and then is subjected to
further heat treatment for crystéllization under a tem-
perature within the range from'800T3 to 920°C to produce
the desired glass-ceramic. Then, this glass-ceramic is
lapped with lapping grains having average grain diameter
ranging from S5pgm to 30 m and then is finally polished
with cerium oxide having average grain diameter ranging
from 0.2z m to 2gm. Then, for forming of projections.or
depressions in fhe landing zone, the polished glass-
ceramic substrate is subjected to the laser processing
with a laser diode pumped solid-state laser or a CO:
laser fixed in position and pulsed laser being irradiated
while the glass-ceramic substrate is rotated.

The irradiation of pulsed laser is performed with
the condition such as laser wavelength, laser output,
laser beam spot diameter, focus and laser pulse width
etc. being controlLed suitably in accordance with the
specific composition of the glass-ceramic substrate.

As to Examples Nos. 1-9, the surface roughness (Ra)



P205 ' 7.0 7.0 6.5 A1203

24.0 23.0 22.5 Li[err]0 4.0
3.8 ' 4.2 MO _ 1.0 0.6

0.7 ZnO 1.0 0.6 0.5 CaO

1.5 : 1.0 0.5 BaO37 1.0

0.8 0.7 Ti 2.5 : 2.3

2.0 Zr2 2.0 1.8 1.5 As203
1.0 Sb[err]O[ @/l the landing zone asd0 the data zoHe8 aM&rhlQl@tlor
1.0 , 1.0 CoO 2.0 Ni O
1. 5 pfojbc®iod3 or depressions of the landing 99ne were
0.4 CuO 0.3 Nucl eation tenperature
([err] O nedblired with the AAD (atomic forddOulryssabpezation
tenperature ([err]C 830 920 - 880 Col or

appear ance transpaysergthown in Tabldsaick to 4 and Bigek 6 agd 7, the ex-
amples of the present invention and the comparative ex-
amples of the prior art Li20 - Si0: system differ en-
tirely from each other in the crystal phase and the shape
of the crystal grainms. In the glass-ceramids of the
present_invention, the B -quartz solid éoiution and the
B -spodumene solid solution have a globular crystal.grain
structure with a small grain diametér. In contrast, in
the glass-ceramics of the Comparative Examples 1 and 2,
the lithium disilicate crystal has an acicular grain
'structure ¥ith a large grain diameter of 1.0um or more.
In a situation in which a smoother surface is required,
this crystal grain structure and grain diameter of the
comparative examples adversely affect the surface rouéh—
ness after polishing and produce defects due to coming
off of the crystal grains from the substrate. Thus, it
is diffiuclt to obtain a surface roughness of 12 K or
less in the gléés—ceramics of the Comparative Examples 1
and 2.
As regards the surface roughness shown in Figs. 8 to
10, a laser processing resulting in forming of projec-
tions or depressions having a uniform and desirable shape
as shown in Figs. 8 and 9 can be realized in the glass-
ceramic substrate according to the inveﬁtion in contrast

to the above described defects produced in the prior art



Table 2 (continued) Exanples. 4 - 5 6 Crystal phase

& [err] -quartz fi -quartz [err] -quartz grain dianeter solid
sol . solid sol. solid sol. 300 [err] 500 [err]

600 [err] [err]-spodunene [err]-spodunene 3000 [err]: 4000 [err]
Shape of crystal grain gl obul ar 3g gl obul ar gl obul ar
Average percent transm ssion at 0.635 mmthickness 0.2g mto 0.6 m

81% 0% 0% 1.05[err] mto 1.40 [err]m_ 93%

0% adopuripen ofs ubgstera te and dpomically tempegeyaglass sub-

Nd: YVO4 wavel engt h 10. 5 [err] 1. 064 9 m 0. 532
[err]m Hei ght SHT %t ®j ecthiSorfsi bt Bepe@PaghEt from FigoglPeshoving the

0011 oz, S0 HILEE T SUPUOERR KRGO Sh0 10 EP . -y
(SXESE{L”] 0 (K-206()i[°enr fﬁ%er{arrl_kg%)oo[teq,er]ei.})umgirlc@—egicifci:gpé giaggeggﬁlib?)’égag%i on
18 instable and ununiform surface state after the processing

by the laser. In the alumino-silicate chemically
tempered glass shown in Fig. 10, sufficient heating was
not 3cpieved by laser irradiation by the laser diode
pumped solid-state laser (Nd:YAG) at laser wavelength of
1.064pm and 0.523 xm and the laser processing was made

at wvavelength of 0.266xzm. The result was an instable
and ununiform surface state shown in Fig. 10.

It is considered that the glass-ceramic according to
‘the invéntion is superior in resistance to heat to the
chemically tempered glass which is in an amorphous state,
has no strain change between the tempered surfacellayer
and the unteﬁpered interior layer which is peculiar to
the chemically tempered glass and has a crystgl phase
vhich can prevent growth of microcracks which are
produced by various external actions and, as a totél ef-
fect of these advantages, has the improved property of
forming projections or depressions by irradiation of
laser beaun.

Fig. 12 shows an information storage device (e.g., a
hard disk device of a personal computer) of the landing
zone system as an example of employing the magnetic iﬁ-
formation storage medium aécording to the invention,

In Fig. 12, a magnetic information storage medium 1



54.0
7.5
23.0 Li[err]O

1
0.
1
2

(NN Ne

Zr Q2
AS[err]O[err]
Sb[err]O[err]
CoO

32 Table 3 Fxanples 7 8 9 Sigerr]

56.5 55.0 P[err]O[err] 7.5
7.0 A1203 24.0 23.5
4.0 4.0 4.0 MO
1.5 1.5 ZnO39 0.5
0.5 CaO 1.0 BaO 1.
1.0 TIiOR . 2.5 2.5
has a data zon@.P® and a landing. @one 3. The Da@netic in-
1.0 - 1.0 1.0
ﬁ&mmhtlon storage medium1}Qis rotatably mounted on an in-0
0.5 Ni

0. 5()[erq(Hggrpagxpwugngﬁa@g device 6. A magnetic head T 1is

pivotably mounted on the magnetlc information storage
device 6. The magnetic head 7 starts in the landing zone
3, performs recording or reproduction of data in the data
zone 2 in a lov flying height state or in a contact state
and Fhereafter returns to the landing zone 3 and stops.

The examples of the magnetic information storage
medium substrate of the landing system may be used,
withouf being subjected to the prbqessing for forming
the landing zone by the laser, as a magnetic information
storage medium substrate of the ramp loading systen.

Fig..13 shows an information storage device (e.g., a
hard disk device of a personal computer) using a ﬁagnetic
information storage meﬂium of the ramp loading systém.

In Fig. 13, the same component parts as those shown
in Fig. 12 are designated by the same reference charac-
ters and description thereof will be omitfed. In this
system, start and stop of the magnetic head 7 are made in
an area which is outside of the illustrated magnetic in-
formation storage medium 1. More specificallyt, the mag-
netic head T starts in the area which is outside of the
illustrated information storage medium 1, performs
recording or reproduction of data in the data zone 2 in a
lov flying height state or_in a contact state, and there-
after returns to the area outside of the information

storage medium 1 and stops.

0



t enperat ure ([err]Cj 730 750 740

Crystallization tenperature ([err]C) 900 825

860 Col or appearance bl ack t ranspar ent bl ack 33 Tabl e
3 (continued) Exanples 7 8 9 Crystal phase &
[err] -quartz _ [err] -quartz &frr] -quartz grain -dianeter

solid sol. solid sol. solid sal. 0 320 240 .

400 A fi -spodunene a -cristobalite 0 1000 A Shape of crysta
grain Jheluliazr claimed glsobul ar gl obul ar Aver age percent

transm ssion at 0.635 nmthickness 0.2g mto 0.6 m 0%

81% 1.0% 1g0afercimudcl sadsdmatem for 0% magnetic infor@a%on

0% Type of | aser Nd: YAG CO[err] Nd: YVO[ err]

wavel ength  storageonedégamconprisingasfdlry mAlz2031-064[=d rqysien
glass-ceramic and having either B8 -quartz soiid solution
(B -Si02 solid solution) or a mixture of B8 -quartz solid
solution (B8 -Si02 solid solution) and B -spodumene solid
solution (B8 -Li20 -+ A1203 - 4Si02 solid solution) as its
main'crystal phase.
2. A glass-ceramic substrate as defined in claim 1
wvherein the crystal grain of the B -quartz solid solu-
tion and A -spodumene solid solution has a diameter
within a range from 200 & to 5000 A.
3. A glass-ceramic substrate as defined in claim 2
vherein surface roughness (Ra) after polishing of the
substrate is within a range from 1 K to 5 K.
4. A glass-ceramic substrate as defined in claim 1 having
a data zone and a landing zone, said landing zone having
a multiplicity of projections or depressions fqrmed by
irrﬁdiation of laser bean.
5. A glass-ceramic substrate as defined in claim 4
vherein a laser used is a laser diode pumped solid-state
laser.
6. A glass-ceramic substrate as defined in claim 4
vherein a laser used is a CO2 laser.
7. A glass—ceramic substrate as defined in claim 5
vherein a wavelength of said laser diode pumped solid-
state laser is within a range of 0.2um - 0.6 m or

within a range of 1.05um - 1.40 g n.

gl



Hei ght of prdj ections or depressions . 200 A ' 150 A

250 A Surface roughness (Ra) of |anding zone 17 A

15 A 22 A Surface roughness (Ra) of data zone 2. A

3 A 4 Coefficient of thermal expansion (x10-[err]C) (- 60[err]C
- + 600[err]C 10 541 10 34 table 4

Conpar ative Exanples 1 2 Sio2 71.0

82.0 P205 . 1.9 2.5 Al 203

9.6 8. 3A1 di@Os-ceramic substraliz Oas defined BoScNpGnm 7
1.5 zZnO CaO 0.4 BaO

vherein perpent transmission by the laser diode pumped
solid-state laser of the wavelength within the range of
0.2pum - 0.6 um or within the range of 1.05;;m -~ 1.40 z m
at a thicknesé of 0.635 mm is 0% to 10%.

9. A glass-ceramic substfate as_definéd in any of claias
4 - 6 wherein surface roughness (Ra) of a polished sur-
face'of the data zone is within a range from 1 ﬁ to 5 K,
a multiplicity of projections or depresSidns are formed
by irradiation of laser beam in the landing zone, height
of the projections or depressions fofmed is wvhtin a range
from 50 & to 300 X, surface roughness (Ra) of the landing
zone is within a range from 10 K to 50 X.and interval of
the projections or deprssions is within a range from 104
m to 200z m.

10. A glass-ceramic substrate as defined in any of élaims

1l - 8 wherein the glass-ceramic is obtained by heat

treating a base glass consisting in weight percent of:

Si0z + P20s - 56 - 65%

in which SiOz. _ 50 - 60%
P20s . . 6 - 10%

Al20s . 22 - 26%

Liz0 + Mg0O + ZnoO : - 4.0 -6.5%

in which Li20 3 - 5%
Mg0 0.6 - 2%

Zno0 _ ' 0.5 - 2%

Ca0 + Bao 0.5 - 5%

in which Ca0 0 - 4%

R —————

RN i



Tigerr] Zrgerr] As2@3 0.3 Sb[err]Jerr]
Na[err]O 3.8 Na[err]0 1.6 SrO 0.4 Klerr]0 3.6 PbO 0.9

Nucl eation tenperature ([err]C) 550 540 Crystallization
tenperature ([err] O 780 800 Col or- appear ance white
white 35 Table 4 (continued) Conpargbive Rxanples 1 2
Crystal phase & Li[err]Si[err]O[err] : Li[err]Si[err]O[err] grain
di aneter 1.2gm 1.5g ma -cristobalite a -cristobalite 0.5[err]m
.0.3[err] m Shape of Ba0 : 0.5 - 3%

Ti0: ' 1 - 4%

Zr02 : 1 - 4%

As203 . : ) 0 - 2%

Sb203s : : 0 - 2%
wherein.the veight rétio of P20s to Si02 is between 0.10
and 0.17, said glass-ceramic containing either B -quartz
solid solution (B8 -Si02 solid sdlution) or a mixture of
B -quartz solid solutioq (B8 -Si02 solid solution) and g8 -
spodumene solid solution (B -Li20- Al203- 4Si02 solid
solution) as its main crystal phase.

11. A glass¥ceramic substrate as defined in claim 1
vherein the glass-ceramic is obtained by heat treating a

base glass consisting in weight percent of:

Si0z + P20s _ 56 - 65%
in vhich Si0; 50 - 60%
P20s | 6 - 10%

" Al20s 22 - 26%
Li20 + Mgl + Zn0 4.0 -6.5%

in which Li20 | | - 3§ - 5%
HgO _ 0.6 - 2%

Zn0 0.5 - 2%

Ca0 + BaO | ' 0.5 - 5%

in which Cal 0 - 4%
Ba0 0.5 - 3%

TiO, ' ' 1 - 4%

Zr0a = | 1 - 4%
As203 - 0 - 2%

T



crystal grain Li[érr]Si[err]O[err] | Li[err]Si[err]Of[err]

.aci cul ar acicular a -cristobalite a -cristobalite gl obul ar

gl obul ar Average percent transm ssion at 0.635 nmthickness 0.29g mto 0. 6g
m 45% 48% 1.05g mto 1.40g m * 87% . 86%
Type of |aser wavel ength Hei ght of propgctions or depressions Surface
roughness (Ra) of |anding zone Surface roughness (Ra) of data zone 14
12 [err] Coefficient of thermal expansion (x10-[err]C) (- 60[err]C - +
600[ err] ©) 110 Sb20a 115 36 For nmanufacturing tHe = 2%

gl ass-ceram c substrate of the abagve gescri bed exanples, materials
I ncl udi ng oxi des, EaPpohalel &nd1ifi tr&fef2arte W%ed and moltert in d%onven-
tional nelting app@gagus at a tenperature within the :

0 - 3%
Co0 | S0 - 3%
NiO | 0 - 3%
Crz0s 0 - 3%
Cu0 0 - 3%

wherein the weight ratio of P20s to SiOz.is between 0.10
and 0.17, said glass-ceramic containing either B -quartz.
solid solution (B -8i02 solid solution) or a mixture of
B -quartz solid solution (B -8i02 solid solution) and 8 -
spodumene solid solution (B -Li20 - Al20s - 45Si02 solid
solution) as its main crystal phase.
12. A glass-ceramic substrate as defined'in claim 1
vyherein said glass—éeramic is obained by melting, forming
and annealing glass-materials.and subjecting the formed
base glass to heat treatment for producing a crystal
nucleus under a temperature within a range from 550%3 to
750°C and for crystallization under a temperature within
a range from 750°C to 950°C and has a coeffiicent of
thermal expansion within a range between - 10 x 10°7/%C
and + 20 x 10-7/°C at a temperature within a range from -
60°C to + 600°C.
13. A wmagnetic information storage medium having a thin
filmn of a magnetic media formed on said glass-ceramic

substrate of claim 1.

| T



range from about 1450[err]C to about 1500[err]C . The nolten glass is
stirred to honogenize it and thereafter: fiornmed i.nto a di sk shape and
anneal ed to provide a forned glass. Then, this formed glass is subjected to
heat treatnent to produce the crystal nucleus under a tenperature within
the range from 7000C to 7500C and themgi s subjected to further heat
treatnent for crystallization under a tem perature within the range from
800[err]Cto 920[er]C to produce the desired gl ass-ceramic. Then, this

gl ass-ceramc is |apped with | apping grains having average grain dianeter
ranging from5 [err]mto 30[err] mand then is finally polished with cerium
oxi de havi dg i er ranging fromO0.2 [errlmto 2[err] m
Then, for form ng of projections or depressions _in tpe | andi ng zone, the
pol i shed gl ass- Ac&rlafisc Camtircar ISt 5bs ek?Bd® t 2ER&  Gser processing with
a |laser diode punped solid-state |laser or a CO02 |laser fixed.in position and
pul sed | aser beﬂm§QQﬂﬁiﬁ%ﬁe§fQﬂﬂ3%aq%ﬂ?%ﬂews-ceranic-substrate is rotated.
The irradiation of pulsed laser is perforned with the condition such as

| aser wavel th, laser  output, |aser beam spot dianeter, focus and | aser
pul se mﬁdthggg$¥ﬂﬁé+ﬁ§—é3ﬁridFF@&”EHF?abIy in accordance with the specific
composi ti0n of LRIt SYATE SHANIAE 14F 4 CaRiRIPLES M B ruatidn the
storage mediqm such as a magnetic disk having a super
flatness suited for a contact recording systeﬁ includes a
Si0z - Alz20s - Li20 system glass-ceramic and has either
B -quartz solid solution (B8 -Si0z solid solution) or a
mixture of B -quartz solid solution (B8 -Si02 solid
solution) and B -spodumene solid solution (B8 -Li20 - Al20s
- 48i02 solid solution) as its main crystal phése. The

surface roughness (Ra) of the glass-ceramic substrate

. ¢ g
after polishing is within a range from 1 A to 5 A.



37 of the landing zone and the data zone and hei ght of projections or
depressi ons of the |anding zone were neasured with the AFM (atom c force

m croscope). As shown in Tables 1 to 4 and Figs. 6 and 7, the ex- anples of
t he present invention and the conparative ex- anples of the prior art Li20
- S systemdiffer en- tirely fron%chh other in the crystal phase and
t he shape of the crystal grains. In t gl ass-ceram cs of the present
invention, the [err] -quartz solid solution and the [err] -spodunene solid
solution have a globular crystal grain structure with a small grain

di aneter. In contrast, 1in the glass-ceram cs of the Conparative Exanples
1 and 2, the lithiumdisilicate crystal has an acicular grain structure
with a large grain dianeter of 1.0 mor nore. In a situation in which a
snoot her surface is required, this crystal grain structure and grain

di aneter of the conparative exanpl es adversely affect the surface rough-
ness after polishing and produce defects due to com ng off of the crystal
grains fromthe substrate. Thus, it is diffiuclt to obtain a surface
roughness of 12 A or less in the glass-ceram cs of the Conparative Exanpl es
1 and 2. ' '

FIG. 1



As regards the surface roughness shown in Figs. 8 to 10, a laser processi.ng
resulting in formng of projec- tions or depressions having a uniformand
desirabl e shape as shown in Figs. 8 and 9 can be realized in the glass-:
ceram c substrate according to the invention in contrast to the above
descri bed defects produced in the prior, ?%S 38 al um num substrate and
chemi-cal |y tenpered gl ass sub- strate. will be apparent fromFig. 10
showi ng the prior art alumno-silicate glass (Si(ferr] - Al[err]O[err] -
Na[err] O, K20 ion exchange), the alum no-silicate glass exhibits an

i nstabl e and ununi form surface state after the processing by the laser. In
the alum no-silicate chemcally tenpered glass shown in Fig. 10, sufficient -
heati ng was not achi eved by |laser irradiation by the |aser di ode punped
solid-state |laser (Nd: YAG at |aser wavelength of 1.064 [err]m and
0.523[err] mand the | aser processing was nmade at wavel ength of 0.266 [err]
m The result was an instable and ununiformsurface state shown in Fig. 10.
It.is considered that the glasg=ceram c accor g tothe invention is
superlor in resistance to he ' | y\t enpered glass which is in
an anor phous state.

FIG. 2

FIG. 3



has no strain change between the tenpered surface |ayer and the untenpered
interior layer which is peculiar to the chem-cally tenpered glass and has a
~crystal phase which can prevent growth of microcracks which are produced by
various external actions and, as a total ef- fect of these advantages, has
the inproved property of formng projec%igns or depressions by irradiation
of |laser beam Fig. 12 shows an informa n storage device (e.g., a hard

di sk device of a personal conputer) of the | anding zone system as an
exanpl e of enpl oying the magnetic in- formation storage medi um according to

the invention, In Fig. 12, a magnetic information storage medium 1 39
has a data zone 2 and a Iandlng zone 3. The magnetic in- formation storage
medium 1 is rotatably nounted on an in- formation storage device 6. A

magnetic head 7 is pivotably nounted on the magnetic information storage
device 6. The magnetic head 7 starts in the | anding zone 3, perfornms .
recording or reproduction of data in the data zone 2 in a |ow flying height
state or in a contact state! and ﬂﬁauenf*%@Omemurns to the | anding zone 3
and st ops.

FIG. 4

4
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FIG. 5



The exanpl es of the magnetic information storage nmedi um substrate of the
| andi ng system nay be used, w thout being subjected to the processing for
form ng the |anding zone by the |laser, as a magnetic infornation storage

medi um substrate of the ranp | oadi ng systen1 Fi mat i on
storage device (e.g., a hard disk dEVIC? gf ap §&W&5”ééﬁb&§ﬁ5EYW|ng a
magneti c i nf-ormati on storage nedi um of i ranp - oadi ERWGEM nliFig. 13,

t he sane conponent parts as those shown in Fig. IZ are de5|gnated by the
sane reference charac- ters and descrlptlon thereof will be omtted. In
this system s gar e made in an area

whi ch is outsi rmation storage nedi um
1. More specif in the area which is
outside of th dium 1. perforns
recording or r 2 in a low flying height
state or in a rns to the area outside
of the infor 0 What is clainmed is:

15KV x10, 000  1lum WD1O0O

FIG. 6

15KV x10, 000 lum wD1o0

FIG. 7

This Sheet Has Been R .aced
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1. A glass-ceram c substrate for a nmagnetic information storage nedi um
conprising a Sierr] - Al[err]O[err] - Li[err]0 system gl ass-ceram c and
having either [err]-quartz solid solution (fi -SiQ2 solid solution) or a
m xture of [err]-quartz solid solution ( [err] -Siderr] solid solutlon)
and [err] -spodunene solid solution ( [g % - Li

Al[err]O[err][err] 4Si[err][err] solid 6 utio
2. A glass-ceramc substrate as defined in cl aj|m
grain of the fi -quartz solid solu- tion and fi{
has a dianeter within a range from200 [err] to 5000 [err]. 3. A ,

gl ass-ceram c sub - rein surface roughness
(Ra) after polishi range froml1l Ato 5 A 4.
A gl ass-ceramc s aving a data zone and a

| andi ng zone, sai( city of projections or
‘depressions forneq 5. A glass-ceramc
substrate as defi used is a laser diode
punped sol i d- st at ¢ strate as defined in
claim4 wherein a A gl ass-ceram c substrate
as defined in clg aid | aser di ode punped
sol i d-

al phase.
st al
sol uti on

T

15KV x10, 000 10um WD1O0O

FIG. 8

15KV x10. 000 10um wWD1Q

FIG. 9

This Sheet Has Been. Re[ilaced




state laser is within.a range of 0.2 [err] m- 0.6[err] mor within a range
of 1.05g m- 1.40g m 41 8. A glass-ceramic substrate as defined- in
claim 7 wherein percent transmission by the |aser diode punped solid-state
l'aser of the wavelength within the range of 0.5 3 :

within the range of 1.05[err] m- 1.40[%ré] m
0%to 10% 9. A glass-ceram c substrate é defji
wherein surface roughness (Ra) of a polished S/ = 8-
within a range froml [err] to 5 [err], a nultrplrcrty of prOJectlons or .
depressions are forned by rrradlatlon of I 'aser beamin the |anding zone,
hei ght of the projectigs -rned IS whtin a range from 50
[err] to 300 [err], s andi ng zone is within a
range from 10 [err] tg proj ections or
deprssions is within 3 10. A gl ass-ceramc
substrate as defined | the glass-ceramc is
obt ai ned by heat trea n wei ght percent of:
Sigerr] + Plerr]O[er 56 - 65%

15KV x10. 000 10um WD10

FIG. 10

SURFACE ROUGHNESS Ra = 224

FIG. 11

Sheet Has Been Re‘placed
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in which SiQ2 _ 50 - 60% P20

6*- 10% A1203 22 - 26%Li 20 + MyoO +
Zn0O 4.0 -6.5%in which Li[err]O0 :
3 5% MyO 0.6 - 2% ZnO

0.5 - 2% CaO + BaO _ 0.5 - 5% in which
Ca0 /8% - 4% 42 BaO

0.5 3% Tiderr] _ I 4% ZrJ err]
1 - 4%As[err]O[err] ’ : 0 2%
Sb[err] O[err] 0 - 2%wherein the

wei ght ratio of P[err]O[err] to SlCIerr] is between 0. 10 and 0.17, said

gl ass-ceram c containing either [err] -quartz solid solution ([err]
-Siderr] solid solution) or a rrixture_of [err] -quartz solid solution
([err] -Sierr] solid solution) and [err] - spodunene solid solution
([err] ~-Li[err]O [err] Al[err]O[err][err] 4SiJerr] solid solution) as
its main crystal phase. 11. A glass-ceranm c substrate as defined in claim1

FIG. 12



wherein the glass-ceramc is obt ai ned by heat treating a base gl ass
consisting in weight percent of: Sierr] + Plerr]O[err]

56. - 65%in which SiQ2 _ 50 - 60% :
Plerr]O[err] _ 6 - 10% Al [err]O[err]
22 - 26%Li[err]O + MgO + ZnO 8/8 : 4.0 -6.5%in
which Li[err]0 ' 3 - 5% MO

0.6 - 2% ZnO 0.5 - 2% CaO + BaO

0.5 - 5%in which CaO _ 0 . 4% BaO
0.5 3%Ti 1 - 4%Zre

1 - 4%As 2.3 : _ _ : 0- 2% 43 _
Sb[err]O[err] - 0 - 2% V[err]O[err]
+ COO+ NO+ Cr[err]O[err] + CuO 1 - 4% V[err]Of[err]

0 - 3%CoO ' 0- 3%NO

0- 3%

FIG. 13
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"0i- 3% wherein the weight ratio of P205 to l& SL‘@%%W %ﬁq%fganﬁ
said gl ass-ceram c containing either [err] - '%CséTfr”ﬂ R6PYti-dR 199 rr]
- -Sigerr] solid solution) or a mixture of [efr Hal SEETY yrg P UEA56R }'8

([err] -Sigerr] solid solution) and [err] - dutetatsaricdd sttt fagad
[err -Li[err]O [err] Al[err]O[err] [err}/aSi p[@r'ﬁg}ua.m o> ;S@Luudn)p?asdbts
mai n crystal phase. 12. A glass-ceram c substrate as defined i 1
wherein said glass-ceram c is obained by nel 'M grﬂgggy:@ppl _______________ i.ng

to-treat—treatmemt—or
in a range from 650' C
ture within a range

g of thernmal expansion

@ 10-[err]/[err]C at a
gerr] C. 13. A magnetic
agnetic media formed on

ae J

gl ass-materials and subjecti ng t he forrred ba
producing a cr ¥ S

w thin a range§
tenperat ure wi NN

i nformati on st GEEEE
sai d gl ass-cer &8 :

p1o0
15KV x10, 000 1 um w

FIG. 6
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15KV x10, 00O 1 0um WD1O

I1SKV x10, 000 10um wD1O0

FIG. 9
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viem angle

. light angle ~°

SURFACE ROUGHNESS Ra

FIG. 11




